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FOREWORD 

The Reactor Development Program Progress Report, issued 
monthly, is intended to be a means of reporting those items 
of significant technical progress which have occurred in 
both the specific reactor projects and the general engineer­
ing r e sea rch and development programs. The report is o r ­
ganized in a way which, it is hoped, gives the clearest , most 
logical over-al l view of progress . The budget classification 
is followed only in broad outline, and no attempt is made to 
repor t separately on each sub-activity number. Fur ther , 
since the intent is to report only items of significant prog­
r e s s , not all activities are reported each month. In order 
to issue this report as soon as possible after the end of the 
month editorial work must necessar i ly be limited. Also, 
since this is an informal progress report, the resul ts and 
data presented should be understood to be prel iminary and 
subject to change unless otherwise stated. 

The issuance of these repor ts is not intended to constitute 
publication in any sense of the word. Final resul ts either 
will be submitted for publication in regular professional 
journals or will be published in the form of ANL topical 
repor t s . 

The last six report issued 
in this ser ies are : 

January 1962 ANL-6509 

February 1962 ANL-6525 

March 1962 ANL-6544 

April 1962 ANL-6565 

May 1962 ANL-6573 

June 1962 ANL-6580 
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I. WATER COOLED REACTORS 

A. EBWR 

'• • Prepara t ion for High Power Operation 

a. Reboiler Building Equipment Checkout - The turbine-generator 
set, one of the two reboi le rs , and the air-cooled condenser systems were 
tested with reactor steam. Approximately 90,000 lbs of steam per hour 
were fed to one reboiler to produce 350 psig secondary steam. This steam 
condensed in the air-cooled steam condensers and returned to the reboiler . 
This rate of operation is equivalent to 30 Mw of thermal heat and is about 
75% of the load that each reboiler was designed to handle. A maximum 
radiation level of 270 m r / h r at 2 in. was measured on the pipe line between 
the reboiler and its drain tank during this test . 

A number of minor mechanical problems were uncovered 
during this test and are being corrected. 

b- Turbine Governor Leaf Spring Fai lure - On July 10, 1962, the 
EBWR reactor was operating at 20 Mwt producing 4 Mwe energy when the 
reactor was scrammed due to the failure of a leaf spring in the turbine 
governor. 

The failure was attributed to the flow of static electricity 
from the turbine rotor through the steel and bronze gears in the governor. 
The flow of current resulted in the formation of pits in the steel driving 
gear causing excessive wear on the bronze driven gear. Whereas the 
backlash between the gear was originally 0.006-0.008 in., it had in­
c reased to 0.018 in. after 428 hr of operation. 

Ground brushes were installed between the generator and ex­
citer shaft to eliminate the current flow between the gears . 

c. EBWR Transfer Functions - The transfer function of the EBWR 
was measured at 40 Mw and 600 psig with feedwater injected through the 
upper feedwater ring. The boric acid concentration was less t han0 .15gm/ 
gal. Control rods Nos. 1 through 8 were at 28.5 in. and the center rod (No. 9) 
was at a mean position of 21,5 in. with equilibrium xenon. The measurements 
were made using the rod oscillator at 32 frequencies from 0.0012 to 9 c y c l e s / 
sec. The null analyzer was not used for this experiment. Data was recorded 
with the analog sine-cosine c ross-cor re la tor and digital data system. The 



t r a n s i e n t r e s p o n s e and no i se w e r e r e c o r d e d . The RMS ( root m e a n s q u a r e 
value) of the r e a c t o r no i s e was m e a s u r e d us ing an ana log c o m p u t e r . 

The final e x p e r i m e n t in th i s t e s t s e r i e s u s e d d i s c r e t e i n t e r v a l 
b i n a r y no i se to s i m u l a t e a s t a t i s t i c a l r e a c t i v i t y input . The b i n a r y n o i s e was 
g e n e r a t e d by us ing a white no i se g e n e r a t o r , s q u a r e wave g e n e r a t o r , and a 
c u s t o m des igned logic uni t . This s y n t h e s i z e d n o i s e s igna l was u s e d to c o n ­
t r o l the pos i t ion of the c e n t e r rod (up or down) about i t s m e a n p o s i t i o n of 
21.5 in. The f i r s t b i n a r y no i se r e c o r d was m a d e wi th : the r o d v e l o c i t y se t 
at 4 c y c l e s / s e c under f ree running cond i t ions , p lus or m i n u s 1-in. s t r o k e , 
4 c y c l e s / s e c s q u a r e wave pe r iod ( 0 . 2 5 - s e c b i n a r y n o i s e i n t e r v a l ) , 0 . 0 9 6 - s e c 
d ig i ta l s a m p l i n g r a t e , and 8 6 4 - s e c r e c o r d length . The f r e e runn ing rod 
ve loc i ty s e t s the capabi l i ty of moving the rod f rom down to up in o n e - h a l f 
cyc le or 0.125 sec when p r o g r a m m e d for s t a r t - s t o p o p e r a t i o n . The s e c o n d 
b i n a r y no i se r e c o r d was m a d e with: the rod ve loc i ty se t at 1 c y c l e / s e c f r e e 
runn ing , ±2 in . s t r o k e , 0.5 c y c l e / s e c s q u a r e wave p e r i o d ( 2 - s e c b i n a r y n o i s e 
i n t e r v a l ) , 0 .768 - sec d ig i ta l s ampl ing r a t e , and 1 1 5 - m i n r e c o r d l eng th . The 
following in fo rmat ion was r e c o r d e d : c o n t r o l r od pos i t i on , n e u t r o n f lux, 
r e a c t o r p r e s s u r e , inlet wa t e r subcool ing , in le t ve loc i ty , and exi t ve loc i t y 
of i n s t r u m e n t e d fuel a s s e m b l y . The n e u t r o n flux to c o n t r o l rod p o s i t i o n 
da ta was c r o s s - c o r r e l a t e d and the power dens i t y s p e c t r u m was c a l c u l a t e d . 
The r e c o r d with a 2 - s e c b i n a r y no i se i n t e r v a l p r o v i d e d i n f o r m a t i o n on the 
r e a c t o r t r a n s f e r function f rom 0.0013 to 0.65 c p s . The r e c o r d with a 
0 . 2 5 - s e c b i n a r y no i se i n t e r v a l c o v e r e d the t r a n s f e r funct ion f r o m 0.01 to 
3.2 c p s . The 0 .096- sec s ampl ing r a t e p r o v i d e d r e s o l u t i o n up to 5.2 c p s , 
but the 4 - c p s c o n t r o l rod ve loc i ty r e s u l t e d in the 3 .2 - cps f r e q u e n c y l i m i ­
t a t ion in the r e a c t o r t r a n s f e r function. In o r d e r to ob ta in r e a c t o r t r a n s f e r 
function in fo rma t ion at f r equenc i e s g r e a t e r than 3.2 c p s , it wi l l be n e c e s s a r y 
to i n c r e a s e the f ree running rod ve loc i ty to g r e a t e r than 4 c p s . The a m p l i ­
tude and p h a s e in fo rma t ion obta ined f rom the b i n a r y n o i s e da ta c o m p a r e d 
v e r y wel l with the da ta obtained with the o s c i l l a t o r e x p e r i m e n t s . 

Ana lys i s of the 40-Mw data and e x t r a p o l a t i o n i n d i c a t e r e a c t o r 
s tab i l i ty to 85 ± 5 Mw. The e x t r a p o l a t i o n f rom 40 to 85 Mw i s l i n e a r and 
r e p r e s e n t s a fac tor of 2,1 in power i n c r e a s e . S y s t e m n o n l i n e a r i t i e s can 
be expec ted to a l t e r the 85-Mw e s t i m a t e . Addi t iona l da ta wi l l be t a k e n at 
p o w e r s g r e a t e r than 40 Mw and u s e d to d e t e r m i n e a new s t a b i l i t y 
ex t r apo l a t i on . 

The root m e a n s q u a r e ( r m s ) no i s e m e a s u r e d at 40 Mw, 600 ps ig 
was 3.22%. The r e l a t i o n of r m s no i se to power and p r e s s u r e i s i nd i ca t ed 
in Table I. 



Table I. Relation of Root Mean Square 
Noise to Power and P re s su re 

RMS Noise (%) 

Po'wer 
(Mw) 

10 
20 
10 
20 
40 

Pres su re 
(psig) 

300 
300 
600 
600 
600 

Without 
Boric Acid 

0.97 
3.17 
0.79 
1.96 
3.22 

B. 
With 

oric Acid 

0.90 
1.84 
0.78 
1.06 

d- EBWR Instrumented Fuel Assemblies - Hydrodynamic per ­
formance measurements were made utilizing the instruments installed in 
instrumented fuel assemblies II and III. Measurements of the inlet and 
exit liquid velocities, subcooling, and cadmium ratios were made during 
reactor operation at 5, 10, 15, 20, 25, 30, 35, and40 Mw, The system oper­
ating pressure was 600 psig (41.8 atmospheres) and the reactor water 
level was 720 ft 10 in. Most of the data taken has been reduced and per­
formance curves have been plotted. 

^- Reactor Fluid Control System - The air booster pump has 
been received and will be connected to a large volume air storage tank. 
The ALPR test p ressure vessel has been reclaimed from storage to serve 
as the air storage tank. The booster pump will take 80 psig laboratory 
air and store it in the tank at 500 psi. Air stored in the tank will be used 
as the supply for the flow system. 

B. BORAX-V 

1- Operations and Experiments 

The reloading of boiling fuel assemblies was completed. It was 
necessary to increase the number of boron-stainless steel poison rods 
from 32 to 34 to maintain adequate shutdown margin and assure that the 
reactor is subcritical with any single control rod withdrawn. This poison 
addition is probably needed because of the small difference in construction 
between the new and the old control rods. The new reference poison rod 
arrangement is shown in Figure 1. 

Additional flux wire irradiations and Cd-rat io measurements are 
being made to confirm previous data and to obtain new data. Detailed dis­
tribution of thermal flux around a control rod was measured for comparison 
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Figure 1. Final Poison Rod Location - Reference Boiling Core - BORAX-V 

The o s c i l l a t o r has been ins t a l l ed in the r e a c t o r v e s s e l , and t e s t i n g 
to d e t e r m i n e i t s r e ac t i v i t y wor th and wave shape in the t h r e e p o s s i b l e 
loca t ions h a s been s t a r t e d in the cold boi l ing c o r e conta in ing b o r i c ac id . 

A study was made of the t e m p e r a t u r e coeff ic ient of the B O R A X - V 
loading, seeking an explanat ion of why such a low value should be exh ib i t ed 
dur ing the cold c r i t i c a l m e a s u r e m e n t s . An a r r a y of BORAX fuel w a s a s ­
sumed . No s t r u c t u r a l m a t e r i a l was inc luded, a l though an equ iva l en t 
amount of bo r i c acid (18.751 g m / g a l ) was a s s u m e d . D i s a d v a n t a g e f a c t o r s 
w e r e eva lua ted for the bo r i c acid condi t ion , and c o n s t a n t s w e r e t h e n o b ­
ta ined via the MUFT and SOFOCATE c o d e s . F o u r - g r o u p , f u n d a m e n t a l - m o d e 
ca l cu la t ions gave va lues for kgff as fo l lows: 

Water 
T e m p e r a t u r e 

79°F 
112°F 
112°F 

H2O Dens i ty 
g m / c m 

0.99678 
0 .99678* 
O.99O66 

^eff 

1.1563 
1.1562 
1.1544 

*This dens i ty is the s a m e as the 79°F -va lue to 
check effect of change in n e u t r o n t e m p e r a t u r e . 



T h e s e r e s u l t s ind ica te tha t a t e m p e r a t u r e coeff ic ient , with b o r i c ac id , of 
— 0.0045% ( A k / k ) / ° F , i s due a l m o s t e n t i r e l y to a change in m o d e r a t o r 
dens i t y ove r the r eg ion of ca l cu l a t i on . Th i s c o m p a r e s to a m e a s u r e d 
va lue , with b o r i c ac id , o f - - 0 . 0 0 0 2 % ( A k / k ) / ° F . 

2. Modif ica t ion and Main tenance 

Dur ing i n s t a l l a t i o n of the new c o n t r o l r o d s , a bad s c r a t c h due to 
a p a r t i c l e in the s e a l was found on a c o n t r o l rod ex t ens ion shaf t . As a 
r e s u l t , a l l of the r e a c t o r v e s s e l i n t e r n a l s and c o n t r o l rod d r i v e s e a l s 
w e r e r e m o v e d and tho rough ly c l eaned . The c o n t r o l r o d s , s e a l s , and d r i v e s 
w e r e a l l r e - i n s t a l l e d t e m p o r a r i l y , us ing two old c o n t r o l rod ex t ens ion 
sha f t s . One of the c o n t r o l rod d r i v e m o t o r s b u r n e d out and was r e p l a c e d 
with a s p a r e . After t h e s e c h a n g e s , the c o n t r o l r o d s and d r i v e s w e r e s a t i s ­
f ac to r i l y t e s t e d . 

The two new c o n t r o l rod shaf ts that w e r e sent back for r e p a i r have 
each been s t r i p p e d and a r e being r e p l a t e d . In addi t ion to the shaf t s be ing 
r e p l a t e d , four new s p a r e shafts a r e being f a b r i c a t e d . T h e s e shaf ts a r e 
now be ing ground for the second hea t t r e a t m e n t at l l O C F . 

The new e l e c t r i c c a r t r i d g e h e a t e r s w e r e r e c e i v e d ; and the h e a t e r 
f l anges , with 6 d r y we l l s each , w e r e c o m p l e t e d . T h e s e r e p l a c e m e n t 
p r e h e a t e r s w e r e in s t a l l ed , h y d r o s t a t i c a l l y t e s t e d , and a r e now r e a d y for 
o p e r a t i o n . 

New r e a c t o r d e m i n e r a l i z e r b y p a s s piping was i n s t a l l e d , h y d r o ­
s t a t i c a l l y t e s t e d , and p laced in s e r v i c e . F ive cubic feet of anion r e s i n w e r e 
added to the m a k e u p w a t e r d e m i n e r a l i z e r , but def ini te ev idence of changed 
p e r f o r m a n c e is l ack ing , due to low d e m a n d for w a t e r t h i s m o n t h . 

In an effort to i m p r o v e the r e l i ab i l i t y of count ing da ta ob ta ined f r o m 
flux w i r e s by seek ing a lower r a d i a t i o n background , the count ing fac i l i ty 
was m o v e d f r o m the E B R - I Building to a t r a i l e r . A m o t o r - g e n e r a t o r se t 
i s be ing u s e d to p rov ide i so la t ion f rom power l ine t r a n s i e n t s . 

R a n g e - c h a n g e be l lows for 3 d o w n c o m e r d i f f e r e n t i a l - p r e s s u r e c e l l s 
w e r e d e l i v e r e d af ter a de lay of s o m e 6 m o n t h s and have now been i n s t a l l e d 
The new be l lows wi l l a l low a m i n i m u m f u l l - s c a l e r a n g e of 12 in. w a t e r and 
a m a x i m u m f u l l - s c a l e r a n g e of 60 in. w a t e r , c o m p a r e d with 20 and 100 in . 
w a t e r for the o r i g i n a l be l lows suppl ied e r r o n e o u s l y . 

3 . C r i t i c a l E x p e r i m e n t s 

F o r d i s c u s s i o n of c r i t i c a l e x p e r i m e n t s with BORAX-V fuel s ee 
III .A.3 ( G e n e r a l R e a c t o r Technology , Applied R e a c t o r P h y s i c s , T h e r m a l 
C r i t i c a l E x p e r i m e n t s ) H i - C and BORAX-V S u p e r h e a t . 



4. P rocu rem^n l^nd_F ;ab r i ca t i on_ 

The examina t i on of a l l fuel p l a t e s r e c e i v e d 
a. J u E e r h e a t C o ^ e - ^ h e j - ^ ^ „ , i n s p e c t i o n r e s u l t s i s g iven 

f rom AI h a s been comple t ed . A s u m m a r y 
in Tab le II. 

Tab le II. S u m m a r y ^ ^ L l S £ P ^ ^ ^ i i 2 i ^ ^ ^ 5 : ^ ^ ^ ^ 
| ^ ^ i ^ h i i S 7 ; F u e l _ P l a t e s _ 

Rece ived No. Accep t ed No . R e j e c t e d 
by ANL by A N L _ Plate 

Type 

HCD 
FCD 
HPD 
F P D 
HCE 
F C E 
HPE 
F P E 

No. 
by 

Required 
Contract 

40 
40 
40 
40 

190 
190 
230 
230 

No 
at ANL 

40 
40 
42 
40 

192 
190 
230 
230 

40 
40 
42 
40 

190 
185 
227 
212 

0 
0 
0 
0 
2 
5 
3 

18 

O n e r e i e c t e d p l a t e . F P E 132, i s be ing he ld at ANL for d e s t r u c t i v e 

I l s o d i s c e r n i b l e on a r a d i o g r a p h of the p la te as a l i gh t e r ( m o r e d e n s e ) , a r e a . 

The o the r 27 r e j e c t e d p l a t e s have been r e t u r n e d to AI. 

The en r i ched fuel e l e m e n t s r e q u i r e d for the BORAX-V s u p e r h e a t 

loading a r e as fol lows: 

TVT j : 'Mr. of No . of 

E l e m e n t No. of ^ o . ol 
Type E l e m e n t s S u b a s s e m b l i e s P^a^tes 

13 65 260 
( 5 / e l e m e n t ) ( 4 / s u b a s s e m b l y ) 

C e n t r a l 
I n s t r u m e n t e d ' 3 

P e r i p h e r a l 17 

P e r i p h e r a l 
I n s t r u m e n t e d 2 

15 60 

85 340 

10 40 

The 13 r e q u i r e d c e n t r a l fuel a s s e m b l i e s have b e e n c o m p l e t e d . A 
to ta l of 71 c e n t r a l s u b a s s e m b l i e s w e r e b r a z e d . Of t h e s e , 10 exh ib i t ed e x ­
c e s s i v e l eakage of a r g o n gas f rom be tween s ide s t r i p s and p l a t e s o r s p a c e r 
w i r e s and p l a t e s dur ing w a t e r i m m e r s i o n l eak check ing . S ince 65 s u b ­
a s s e m b l i e s w e r e needed to c o m p l e t e 13 e l e m e n t s , four s u b a s s e m b l i e s w e r e 



successfully rebrazed. The six remaining subassemblies will not be p ro ­
cessed further unless the need a r i ses . 

^"""^^ssing of peripheral type plates has begun and ten subas­
semblies have been brazed to date. 

f. , ,. *V , Experimental Components - The oscillator drive has been modi-
tied slightly to accommodate a photocell pickup to measure accurately a 
prese t number of rotations. Modifications have also been made to the os ­
cillator housing and holding brackets to facilitate operation during the cold 
and hot c r i t ica ls . The synchronous motor has been mounted on the special 
rotating seal . The high-temperature source drive has been modified to 
improve reliability. 

, . , , . . , Development work on a Zircaloy-2- to-s ta inless steel p r e s s u r e -
ight joint for the step-function generator is continuing. The second joint 

fabricated, usmg pure silver as a braze mater ia l , failed the autoclave 
corrosion test . A mechanical joint, using a si lver-plated, stainless steel 
O-ring, and another, with a pure gold braze, will now be tr ied. The poison 
section of the step-function generator satisfactorily passed the autoclave 
test and has been shipped to Idaho. 

In order to evaluate possible substitute control mater ia l s for 
use m BORAX-V, the following 3 | x 8-in. sample plates a re being fabricated 
or procured: 

1 piece - Present reference design; ^ - i n . - t h i c k , 50 w/o 
Boral, canned and seal-welded in -jL-in.-thick. 
Type 304 stainless steel 

5 pieces -Hafnium; - i -in. thick 

5 pieces - 2 w/o natural B, Type 304 stainless steel, ^ -in. thick 

5 pieces -2 w/o, 93% enriched B " , Type 304 stainless steel, 
Tj -in. thick 

The relative reactivity worths of these samples will be compared in 
BORAX-V. 

Equipment for an analog computer t ransfer function measuring 
system similar to that used on EBWR has been ordered and will be used in 
conjunction with the null balance method. In an attempt to minimize hot 
spots m adjacent fuel rods, aluminum filler pieces have been placed at the 
corners of the dummy fuel assembly which houses the oscillator rod to 
remove the water and cut down flux peaking. 

The first instrumented boiling fuel assembly (II) was delivered 
to Idaho. This unit utilizes the modified p ressu re seal design with Conax 



pack ing g l a n d s . S i lver b r a z e d junc t ions in i t s t e r m i n a l box have b e e n c o m ­
p le t ed , and the a s s e m b l y is now in s t a l l ed in the a i r - w a t e r t e s t loop for 
f l owmete r c a l i b r a t i o n s . 

Salvage work on the d a m a g e d p r e s s u r e s e a l b lock of i n s t r u m e n t e d 
a s s e m b l y I i s p lanned to be c a r r i e d out by sp l ic ing on l e ads to t h o s e d a m a g e d , 
and welding the sp l ic ing s l e e v e s into a modif ied s e a l b lock . Spl ic ing s l e e v e s 
would be i n d u c t i o n - b r a z e d to the t h e r m o c o u p l e s h e a t h s . 

V a c u u m - b r a z i n g of a d u m m y , i n s t r u m e n t e d s u p e r h e a t e r fuel 
e l e m e n t , us ing Coas t Meta l s 60 al loy, r e s u l t e d in void s p a c e s at the fuel 
p l a t e t h e r m o c o u p l e t i p s . Modif icat ion of the b r a z i n g p r o c e s s to e l i m i n a t e 
the voids is under inves t iga t ion . 

5. Deve lopment and Tes t ing 

a. C o r r o s i o n T e s t s - The b o r i c acid (5.28 g / l ) c o r r o s i o n t e s t on an 
X8001 a l u m i n u m - T y p e 304 s t a i n l e s s s t e e l couple at 250°C and 600 p s i g was 
t e r m i n a t e d after 816 h o u r s . Ne i the r a l loy showed any ev idence of s e v e r e 
c o r r o s i o n . T h e r e was no pi t t ing of the a l u m i n u m w h e r e it t ouched the 
s t a i n l e s s s t e e l . Weight change m e a s u r e m e n t s ind ica te tha t the c o r r o s i o n 
r a t e of the a luminum was about 2 m g / d m ^ / d a y . The s t a i n l e s s s t e e l had only 
a v e r y thin g r a y - b r o w n adhe ren t f i lm. This work i n d i c a t e s no t r o u b l e s o m e 
c o r r o s i o n should be expec ted in BORAX-V dur ing h i g h - t e m p e r a t u r e runs 
wi th b o r i c ac id . 

b . C o r r o s i o n of S t r u c t u r a l M a t e r i a l s in Supe rhea t ed S team - A 
c o n t r a c t o r has s t a r t e d the in s t a l l a t ion of the m a j o r c o m p o n e n t s of a s t e a m 
d y n a m i c t e s t fac i l i ty . Ul t ima te ly , t e s t s at 200 f t / s e c , 650°C, 1000 p s i wi l l 
be p o s s i b l e . E x p l o r a t o r y t e s t s in s m a l l r e f r e s h e d au toc lave s y s t e m s a r e 
cont inuing unt i l the loop is comple t e which is e s t i m a t e d to be Oc tober 1962. 

Sample su r f ace p r e p a r a t i o n p lays an i m p o r t a n t r o l e in d e t e r ­
min ing the to ta l amount of c o r r o s i o n of the 300 s e r i e s s t a i n l e s s s t e e l s at 
650°C. This i s p a r t i c u l a r l y t r u e in the p r e s e n c e of oxygen. E l e c t r o p o l i s h e d 
s p e c i m e n s p r e p a r e d f rom ba ths of two di f ferent c o m p o s i t i o n s suffer m u c h 
m o r e c o r r o s i o n than wet ground s p e c i m e n s . E tched s a m p l e s a r e i n t e r m e ­
d i a t e . The amount of m e t a l l o s s can be quite high. F o r e x a m p l e , about 
0.001 in. of SS-347 was los t in one week for an e l e c t r o p o l i s h e d s p e c i m e n 
exposed to s t e a m conta ining 0 .1-0 .7 ppm oxygen. No i n f o r m a t i o n h a s b e e n 
obta ined conce rn ing the shape of the m e t a l l o s s c o r r o s i o n c u r v e . It is 
be l i eved that the c o r r o s i o n r a t e d e c r e a s e s s h a r p l y dur ing the f i r s t week, 
a s judged f rom the amount of l i b e r a t e d c o r r o s i o n p roduc t h y d r o g e n . 

c. R e c o m b i n e r T e s t s - The H2-O2 r e c o m b i n e r t e s t r ig was r e a d y 
for o p e r a t i o n when a de tona t ion o c c u r r e d in the K n a l l - g a s g e n e r a t o r , 
d e s t r o y i n g a p r e s s u r e gauge and flow r a t o r . The c a u s e of igni t ion i s s t i l l 



unknown. A new method of injecting hydrogen and oxygen into the boiler 
separately, which should reduce any further chance of an explosion, is 
being considered. 

d. Continuous Chloride Analyzer - The automatic chloride 
analyzer has been checked out and operates satisfactorily when ambient 
tempera ture is controlled to +5°C at around 25°C. The instrument can 
detect 0.05 ppm chloride with an accuracy of about ±50% and is sensitive 
to 0.01 ppm with unknown accuracy. 

e. Advanced Superheater Fuel - The six developmental cermet 
fuel plates made of depleted UOz dispersed in a matr ix of Type 406 stain­
less steel and clad with Type 406 stainless steel, which were fabricated by 
Atomics International, were destructively tested by the supplier. An ANL 
inspector found these plates to be satisfactory. Negotiations are in p r o ­
gress with AI for an addition to the original superheater fuel fabrication 
contract covering the fabrication of 50 Type 406 stainless steel plates . 
These plates will be assembled into two experimental superheater fuel 
assemblies by ANL and tested in BORAX-V. 

Development work on vacuum brazing of Type 406 fuel plates 
into four-plate elements has started. Thus far, sample brazes using Coast 
Metals 60 alloy at 1170°C and Coast Metals 608 and 57 Special alloys at 
1000°C have been tr ied. Only Coast Metals 60 produced a bond, but the 
braze alloy did not flow evenly and left unbonded gaps. In contrast to the 
bright appearance of Type 304 stainless steel when removed from the 
furnace, the Type 406 stainless steel has a dark oxide coating. The 
1 170''C brazing temperature caused the growth of large-s ize grains in the 
Type 406 alloy. Below 980°C, this grain growth does not occur. A sample 
braze using plated Kanigen-nickel as the braze mater ia l is being prepared. 
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II, LIQUID M E T A L COOLED R E A C T O R S 

A. G e n e r a l R e s e a r c h and D e v e l o p m e n t 

1, Z P R - I I I 

Work cont inued on A s s e m b l y 40 , an 8 - r e g i o n c y l i n d r i c a l r e a c t o r 
which conta ins a p a r t i a l - d e n s i t y axia l b e r y l l i u m r e f l e c t o r and a f u l l - d e n s i t y 
r a d i a l b e r y l l i u m r e f l e c t o r . The axia l r e f l e c t o r i s ad jacen t to the c o r e , 
whi le the r a d i a l r e f l e c t o r beg ins 9 c m f r o m the c o r e edge . The d i m e n s i o n s 
and vo lume f r ac t ions w e r e given in (ANL-6580 P r o g r e s s R e p o r t , J u n e , 1962). 

In i t i a l ly , the r e a c t o r was loaded and b r o u g h t to c r i t i c a l i t y with no 
b e r y l l i u m in the ax ia l r e f l e c t o r s . It was then d e t e r m i n e d that n o r m a l r e ­
a c t o r o p e r a t i o n s would be safe with b e r y l l i u m in the ax ia l r e f l e c t o r , A 
s ingle c o r e d r a w e r containing b e r y l l i u m in the ax ia l r e f l e c t o r r e g i o n could 
be r e m o v e d f r o m the r e a c t o r and the con t ro l r o d s conta in ing fuel could be 
m o v e d th rough the b e r y l l i u m with no net pos i t i ve r e a c t i v i t y e f fec t s . The 
axia l r e f l e c t o r r eg ions w e r e then loaded with b e r y l l i u m . 

The e x p e r i m e n t a l p r o g r a m following the c o m p l e t e loading of the 
r e a c t o r h a s inc luded con t ro l rod c a l i b r a t i o n , wor th of fuel at the r a d i a l c o r e 
edge , r e a c t i v i t y coeff icient m e a s u r e m e n t s , ax ia l and r a d i a l f i s s i on t r a v ­
e r s e s , and c e n t r a l f i s s ion r a t i o s . Reac t iv i ty coeff ic ient m e a s u r e m e n t s 
w e r e m a d e for a l a r g e n u m b e r of s a m p l e s of both f i s s i l e and n o n f i s s i l e 
m a t e r i a l s at t h r e e loca t ions - the co re c e n t e r , r a d i a l c o r e edge , and ax ia l 
c o r e edge . 

2. Z P R - V I and Z P R - I X 

a. Bui lding - The c o n s t r u c t i o n of the e m e r g e n c y ven t ing s y s t e m 
for the r e a c t o r ce l l s h a s been comple t ed , and the i n s t a l l a t i o n of the c o n t r o l 
c i r c u i t r y is u n d e r w a y . The r e v i s e d ca l cu l a t i ons of m o m e n t s , s t r e s s e s , 
and s t r a i n s for the con t a inmen t ce l l w e r e c o m p l e t e d (ANL-6525 , P r o g r e s s 
R e p o r t for F e b r u a r y , 1962), These ca l cu l a t i ons w e r e m a d e at 44 s t r a i n 
gauge loca t ions for i n t e r n a l p r e s s u r e s of 2, 4, 6, 8, and 10 p s i g . T h e s e 
a r e now be ing c o m p a r e d with the m e a s u r e d s t r a i n s , 

b . Z P R - V I A s s e m b l y - P r e o p e r a t i o n a l t e s t ing is cont inuing . The 
m a t r i x tube bund les w e r e r e a l i g n e d and t h e i r loca t ion a c c u r a t e l y d e t e r m i n e d 
in p r e p a r a t i o n for the m e a s u r e m e n t of def lec t ion u n d e r loaded cond i t i ons . 
T h i r t y m e t r i c tons of dep le ted u r a n i u m b l o c k s wil l be u s e d to p e r f o r m the 
sag t e s t . Both the movab le and s t a t i o n a r y h a l v e s will be t e s t e d in t u r n . 

The p e r f o r m a n c e t e s t s conducted on the dange r coeff ic ient 
s a m p l e c h a n g e r and analog table pos i t ion ind ica to r i nd i ca t ed the n e e d for 
s o m e m i n o r mod i f i c a t i ons . A new g e a r t r a i n h a s b e e n i n s t a l l e d in the d r i v e 
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mechanisms of the former, and the corrective machine work on the lat ter 
is nearing completion. Detailed drawings for a conveyor system to move 
loaded fuel drawers are being prepared. 

3. AFSR 

The canned lower section of AFSR fuel was returned to Idaho, 
quarter ly maintenance was completed, and the lower core section in­
stalled. The reactor was brought to criticality in three runs by stepwise 
insertion of the shim rods. The final value for fuel loading is 21.665 kg 
of enriched uranium. This slight discrepancy from the value previously 
reported (21.667) is due to minor machining of one of the uranium discs 
pr ior to canning of the lower core section. 

Total excess reactivity for the final configuration of the core with 
all experimental holes empty is approximately 250 ih. The increase over 
the prel iminary value obtained last month with the fuel disc in an unsealed 
can is apparently due to a more snug fit of the welded can, permitting a 
closer assembly of the core. The position indicator for the lower core 
section supports this explanation. 

Since returning to regular operation, AFSR has made a number of 
runs to: 

1. i r radiate scandium oxide and gold samples for the spectral 
activation program, 

2. continue testing of the new model period meter , 

3. check an experimental lithium-loaded counter for ZPR-III, 

4. supply activated samples for checking BORAX-V counting 
gear, and 

5. continue experiments with the equipment for fluctuation 
analysis. 

It appears that much of the trouble with the equipment for fluctuation 
analysis has been remedied by improving the ventilation of the electronic 
sys tems. 

Machine shop work is continuing on the crit icali ty monitor and the 
electronics is essentially complete. F i r s t in-pile tests are scheduled during 
August. Photomultipliers and filters are on hand for investigating the color 
response of various scintil lators to gammas and neutrons. 
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B. E B R - I 

1. M a r k III O p e r a t i o n 

A n u m b e r of i r r a d i a t i o n s w e r e p e r f o r m e d in the c o u r s e of o p e r a ­
t ion for L a b o r a t o r y Div i s ions and for P h i l l i p s P e t r o l e u m AED, 

In connect ion with s tud ies of i r r a d i a t i o n - i n d u c e d defec t s and con ­
sequent effects on m e c h a n i c a l p r o p e r t i e s , two c a p s u l e s con ta in ing coba l t 
oxide and m a g n e s i u m oxide s ingle c r y s t a l s r e c e i v e d 1 and 35 h o u r s of 
i r r a d i a t i o n t i m e , r e s p e c t i v e l y , at low t e m p e r a t u r e , full p o w e r . 

Two c a p s u l e s w e r e i r r a d i a t e d for MTR p e r s o n n e l as p a r t of a 
p r o g r a m for developing t h r e s h o l d d e t e c t o r s to m e a s u r e fas t n e u t r o n f luxes 
in t e s t f ac i l i t i e s and for s tudying n, p r e a c t i o n s in r a r e e a r t h n u c l i d e s . 

Other i r r a d i a t i o n s inc luded m a t e r i a l s for c o m p a r i s o n of the decay 
r a t e of g r o s s f i s s ion p r o d u c t s of U"^ , U " ' , and P u " ' and for a s tudy of the 
ac t iva t ion c r o s s s ec t i ons of u n s t a b l e n u c l i d e s . Two no tched i m p a c t s a m p l e s 
with a t t a ched t h e r m o c o u p l e s w e r e m e a s u r e d at e q u i l i b r i u m t e m p e r a t u r e s 
for the R e a c t o r E n g i n e e r i n g Div i s ion for app l i ca t ion to an i d e n t i c a l i r r a d i a ­
t ion p e r f o r m e d dur ing the month of J u n e , 

Dur ing the month , a g roup of t e c h n i c i a n s and s u p e r v i s o r s f r o m the 
E B R - I I o p e r a t i o n s o r g a n i z a t i o n p a r t i c i p a t e d in r e a c t o r o p e r a t i o n a s p a r t 
of the t r a i n i n g p r o g r a m . Al so , in conjunct ion with the t r a i n i n g p r o g r a m , 
gold foi ls w e r e i r r a d i a t e d . The i r a r r a n g e m e n t in the r e a c t o r w a s d e v i s e d 
to ind ica te the v e r t i c a l flux p a t t e r n in the g r a p h i t e p o r t i o n . 

Cave modi f ica t ion cont inued dur ing the month ; the e x h a u s t fan was 
r e c e i v e d , and in s t a l l a t i on s t a r t e d . 

2, F a b r i c a t i o n of C o r e IV Componen t s 

The final lot of 0,080 in. O.D, Z i r c a l o y - 2 i n s t r u m e n t tubing i s in 
the p r o c e s s of being eva lua t ed . To da te , e ight tubes of the 21 tube lot 
have been eddy c u r r e n t t e s t e d and found to be s a t i s f a c t o r y . F i n a l p r o c ­
e s s i n g of the accep t ab l e t u b e s , cons i s t i ng of s t r a i g h t e n i n g and s iz ing by 
p ick l ing , is unde r way. 

The f ab r i ca t i on of 0.005 in, th ick dep le t ed u r a n i u m foil for b r e e d i n g 
gain e x p e r i m e n t s h a s been comple t ed . The 0,005 in, th ick e n r i c h e d u r a ­
n i u m foil is in the p r o c e s s of being r o l l e d f r o m 0,010 in, th ick s tock . 

All f ab r i ca t i on and j acke t ing of p l u t o n i u m - b e a r i n g s p e c i m e n s h a s 
b e e n c o m p l e t e d . The a s s e m b l y of the spec i a l fuel r o d s , t h i m b l e s and 
b a s k e t s awa i t s d e l i v e r y of i n s p e c t e d tubing. 
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C, EBR-II 

1. Reactor Plant 

During the final checkout of the fuel handling system, difficulty was 
encountered with rotation of the large rotating seal plug. Sticking was first 
observed occasionally, but became progressively worse and finally p r e ­
cluded further operation. Pre l iminary investigation indicated that some 
sort of mechanical interference had developed between the blade and the 
trough of the plug "freeze" seal used to seal the pr imary tank argon 
blanket gas from the atmosphere. 

The seal consists of a stationary, annular trough filled with a low 
melting point metal alloy within which there rotates a cylindrical sealing 
blade attached to the plug. For reactor operation, the metal alloy (Cer-
rotru: 58% bismuth- 42% tin) is maintained frozen at the top and molten 
at the bottom. For plug rotation, the alloy is maintained completely mol­
ten. To aid in establishing the half-frozen condition, the blade is comprised 
of an upper ring and a lower ring, each with its own set of hea te r s , and with 
an insulating gas void between the two. The upper ring is of stainless steel 
and the lower of copper. 

Because the design of the freeze seal for the small rotating plug is 
s imilar to that for the large plug, it was decided to remove both plugs for 
seal inspection. In preparat ion, it was necessary to remove many of the 
installations on the plugs, including the cover lifting mechanism, hold-
down mechanism, gripper drive, and a substantial amount of wiring. The 
Cerro t ru alloy was also drained from both freeze seals . It was found 
possible to leave intact all control rod drive installations on the small 
plug, however. 

The large plug was removed at the end of the reporting period, in 
time to permit prel iminary examination of the seal. The apparent cause of 
the large plug trouble was severe corrosion of the copper (lower) ring by 
the Cer ro t ru , par t icular ly in the vicinity of the heaters where the higher 
tempera tures existed. Attack at the heaters was sufficiently severe to 
completely penetrate the thin copper walls at local points. This probably 
permit ted segments of the copper ring to fall to the trough bottom, catch 
on projections of the trough, and prevent rotation of the plug. Damage ap­
peared limited to the lower ring of the seal blade and some insulator cans 
positioned within the trough. The upper ring of the blade and the trough 
itself were undamaged. No damage was sustained by the small plug seal 
except for excessive corrosion of the copper ring. 

Redesign of the seal for both plugs has been started. A stainless 
steel lower ring will be employed in lieu of the copper ring. The necessa ry 
mater ia l has been obtained and rework of both seal blades has been star ted. 
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2, Sodium Bo i l e r P l a n t 

An eng inee r ing a n a l y s i s r e v e a l e d that in i t i a l c l e a n - u p , cold t r a p p i n g , 
and o p e r a t i o n of the p r i m a r y and s e c o n d a r y s o d i u m s y s t e m s can be p e r ­
f o r m e d in a s h o r t e r o v e r a l l t i m e if they a r e hand led ind iv idua l ly . To a c ­
c o m p l i s h t h i s , the s e c o n d a r y sod ium supply and r e t u r n l i n e s w e r e cut n e a r 
the r e a c t o r bui lding and a 180° r e t u r n bend was i n s t a l l e d . At the s a m e 
t i m e , a combina t ion t e m p o r a r y f i l t e r and cold t r a p was i n s t a l l e d in the 
s y s t e m at th i s s a m e loca t ion . This i n s t a l l a t i on wil l s e p a r a t e the s e c o n d a r y 
s y s t e m f r o m the p r i m a r y s y s t e m h e a t e x c h a n g e r in the r e a c t o r bu i ld ing . 
This a l t e r a t i o n will a l low individual o p e r a t i o n of the p r i m a r y and s e c o n d a r y 
s y s t e m s dur ing in i t ia l cold t r app ing and s y s t e m s t e s t i n g . 

Insu la t ion , pa in t ing , and ins ta l l ing induct ion hea t ing w i r e on p i p e s 
and componen t s of the s e c o n d a r y and s t e a m systeims cont inued both in the 
bui ld ing and on y a r d p ip ing. 

Ins t a l l a t ion of i ron g r a t i n g , kick p l a t e s , and r e d e s i g n e d m e c h a n i c a l 
s e a l s in the D o w t h e r m c i r cu l a t i ng p u m p s h a s been c o m p l e t e d . F a b r i c a ­
t ion is in p r o g r e s s on the suppor t for the new 250 kw h e a t e r bundle be ing 
i n s t a l l e d in the s e c o n d a r y sod ium s y s t e m s u r g e tank. ANL p e r s o n n e l 
c a l i b r a t e d the l eve l p r o b e s for the s u r g e and s t o r a g e t anks at o p e r a t i n g 
t e m p e r a t u r e s ver i fy ing tha t they a r e o p e r a t i o n a l . 

P r e p a r a t i o n s for c h e m i c a l l y c leaning the s t e a m s y s t e m ou t s ide the 
power p lan t w e r e f o r m a l i z e d and a c h e m i c a l - c l e a n i n g c o n t r a c t o r was 
s e l e c t e d . F i n a l p r e p a r a t i o n s for th is c lean ing w e r e in p r o g r e s s a s the 
p e r i o d ended, 

3, P o w e r P l a n t 

M i s c e l l a n e o u s work , d i r e c t e d t o w a r d sa fe r and e a s i e r p lan t o p e r a ­
t ion, cont inued. This inc luded such i t e m s as in s t a l l ing r e a c h r o d s on v a l v e s , 
and i n s p e c t i o n and c leaning of con t ro l v a l v e s . Work s t a r t e d on pa in t ing and 
co lor coding of pipe l ines a s s o c i a t e d with the t u r b i n e . 

4, F u e l Cycle F a c i l i t y 

a. C o n s t r u c t i o n , I n s t a l l a t i on , and C o r r e c t i o n of C o n s t r u c t i o n 
Def i c i enc ie s 

(1) Argon S y s t e m - Both Keys tone v a l v e s on the a r g o n duct 
and the K i e l e y - M u e l l e r f reon c o n t r o l v a l v e s w e r e r e w o r k e d by the v e n d o r s 
and s o m e w h a t b e t t e r o p e r a t i o n ob ta ined , a l though t h e r e w e r e s t i l l s o m e 
l e a k s and cooling da ta ind ica ted e r r a t i c opening of the K i e l e y - M u e l l e r 
v a l v e s . Some of t h e s e v a l v e s s t i l l l e ak at the body f langes and a r e be ing 
r e t i g h t e n e d . The s m a l l a i r - a r g o n locks w e r e m a d e l eak t igh t and the 
m e c h a n i c a l work was n e a r l y comple t ed . 



(2) Windows - All 31 shielding window units have been installed. 
Pa i r s of removable window slabs are now being installed remotely at the 
process a rea side of viewing windows. All of the Argon Cell luminaires 
and the service sleeve feed-throughs have been installed renaotely. Win­
dow shutters are being assembled and installed. 

(3) Cranes and Manipulators - In-cell cranes and manipulators 
have been extensively reworked and, except for the bridge drive on the 
cranes and other minor problems, operation is satisfactory. A complete 
motion picture record was made, showing remote installation of a manipu­
lator carr iage. 

(4) Processing Equipment - One of the two melt refining 
furnaces and the ingot removal and handling device have been installed in 
the Argon Cell. The furnace was installed using cranes and manipulators 
in order to verify the remote handling features of this equipment. A 
dumper which will pour skull oxide into the skull reclamation furnace was 
received and tested. Operation became er ra t ic when dust accumulated in 
some of the moving par t s . The dumper is being modified. The shielded 
coffin for t ransferr ing fuel assemblies between the EBR-II reactor and the 
Air Cell is being fabricated by a commercial fabricator and is about 40 pe r ­
cent complete. 

The process equipment for refabrication of EBR-II fuel 
consists of: 

1. Radiation resis tant machinery for the direct p roc ­
essing of fuel and fuel rods. This equipment is located in the Argon Cell 
and Air Cell. 

2. Auxiliary equipment such as vacuum pressure sys­
tems , pneumatic controls and any other components connected directly to 
the process cell but shielded from it. These items are located in the 
shielded subcell, 

3. Electr ical power switching and signalling equipment 
located in the basement beneath the opera tor ' s annulus, 

4. The control and indicator stations which will be 
located in the control annulus. 

The operation of the process equipment is from pushbutton stations in the 
operator annulus, controlling re lays , contactors and sequencing devices 
located in the basement. These, in turn, operate valves in the subcell 
which supply compressed air or compressed argon gas to the cylinders 
operating movements on the process equipment. 
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The i n s t a l l a t i on of r e f a b r i c a t i o n e q u i p m e n t , e l e c t r i c a l 
c o n t r o l s , p n e u m a t i c c o n t r o l s , v a c u u m s y s t e m s , l o c a t e d in the s u b c e l l and 
b a s e m e n t , h a s r e a c h e d the point w h e r e t h e s e s y s t e m s can now be c h e c k e d 
out. A second nnan f r o m the P l u t o n i u m F a b r i c a t i o n G r o u p was m o v e d to 
Idaho to a s s i s t in checking out the c o n t r o l s for the A r g o n Cel l e q u i p m e n t . 
In s t a l l a t i on of the e l e c t r o p n e u m a t i c s y s t e m s for the Ai r Cel l e q u i p m e n t was 
s t a r t e d dur ing the r e p o r t i n g p e r i o d , 

(5) Ana ly t ica l E q u i p m e n t - A r e c e n t l y ob ta ined g a s c h r o m a t o -
g r a p h a p p a r a t u s h a s been se t up in the F C F l a b o r a t o r y and p l a c e d into 
o p e r a t i o n for a n a l y s i s of a rgon r e a c t o r b l anke t and cel l a t m o s p h e r e g a s 
for m i n o r i m p u r i t i e s . P e r f o r m a n c e on some t e s t gas m i x t u r e s a p p e a r s to 
be s a t i s f a c t o r y , 

b- Deve lopment of I l emote Con t ro l Methods and E q u i p m e n t for 
F u e l F a b r i c a t i o n - Work h a s cont inued on the p r e p a r a t i o n of i n s t a l l a t i o n 
p a c k e t s (d rawings , i n s t a l l a t ion and o p e r a t i o n a l i n s t r u c t i o n s , m a t e r i a l and 
equ ipment ) for the E B R - I I F u e l Cycle F a c i l i t y , I n s t a l l a t i o n p a c k e t s w e r e 
p r e p a r e d and submi t t ed to Idaho dur ing the r e p o r t i n g p e r i o d for the A i r 
Ce l l va lve c a b i n e t s , con t ro l h a n g e r r a i l s , in ject ion cas t ing f u r n a c e s and 
e l e c t r i c a l c o n t r o l s , w i r ing and d i s t r i bu t i on . Bids w e r e r e c e i v e d and an 
o r d e r a w a r d e d for the m a n u f a c t u r e of i n - c e l l equ ipmen t for p u l s e d eddy 
c u r r e n t bond tes t ing of the E B R - I I fuel r o d s . The e l e c t r o n i c and d i sp l ay 
equ ipmen t for th is device is being c o n s t r u c t e d . 

Des ign d rawings w e r e comple t ed , spec i f i ca t ions p r e p a r e d and 
r e q u i s i t i o n s submi t t ed for the following i t e m s of i n - c e l l eq u i p men t : 

1, A fu rnace charg ing table 

2, A furnace mold pa l l e t load and unload s t a t ion 

3, A fuel rod chopper s ta t ion 

4, A s a m p l e col lec t ing device 

5, A fuel rod a s s e m b l y s ta t ion 

6, Man ipu la to r tongs for b i l l e t s 

7, C r u c i b l e m a n i p u l a t o r tongs 

8, In ject ion fu rnace mold p a l l e t s 

9, A device for b r e a k i n g c r u c i b l e h e e l s 

F u r n a c e c h a r g e p r e p a r a t i o n and fuel r od a s s e m b l y wi l l be 
m a s t e r s lave m a n i p u l a t o r o p e r a t i o n s . The fuel r od a s s e m b l y s t a t i on con­
s i s t s of a dev ice to open the t r a n s f e r c o n t a i n e r s u s e d to b r i n g s o d i u m f i l led 
a c k e t s mto the ce l l , a ho lde r to p r e s e n t the j a c k e t s to the m a n i p u l a t o r , a 

f eede r m a g a z i n e for fuel p i n s , a t u rn t ab l e for the fuel e l e m e n t m a g a z i n e 
and an a l i g n m e n t jig to a l low t h r e a d i n g the fuel p ins into the fuel r o d s 
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5. Instrumentation Development 

a. Fuel Element Failure Detector for EBR-II - The data obtained 
in the experiment simulating the geometry and radiation intensities ant ic­
ipated for the detector system planned for EBR-II (ANL-6523 P r o g r e s s 
Report for May, 1962) has been processed. Commercial instrumentation 
consisting of three fission counters and one BF3 counter was used to detect 
the photoneutrons in the presence of high gamma background flux. The 
photoneutron energy levels were comparable to delayed neutrons expected 
to be encountered under actual conditions in EBR-II. By irradiat ing indium 
foils, the absolute thermal neutron flux distribution was obtained and the 
detector efficiency of each counter was calculated. 

For making an estimate of the over-al l detection efficiency 
with each detector, an approximate value of photoneutron source strength 
was used. This was obtained by comparing the flux distribution m e a s u r e ­
ments with the theoretical distribution due to a cylindrical shell source of 
thermal neutrons in an infinite graphite medium. The absolute strength of 
the gamma source was determined by a coincidence counting method. 

The measured efficiency of the detectors , in conjunction with 
the integral and differential bias curves obtained, suggests that the best 
choice of counter would be the one with the highest detection efficiency. 
This routine conclusion is the direct result of the somewhat surprising 
discovery that the gamma background does not seem to interfere at all 
with the operability of any of the detectors tested, even with the ra ther 
strong gamma source used in these tes ts . The neutron source used was 
at least 100 times stronger than the peak of the burst one would predict 
from a "catastrophic" failure of one fuel pin. The strong source was 
required to plot the flux with reasonable statistical accuracy. 

A new ser ies of tests will be performed using fission cham­
b e r s having twice the efficiency, better resolution, but poorer plateau 
charac te r i s t ics than the commercial units. A more real is t ic neutron 
source strength will be used in the test by reducing the diameter of the 
heavy water envelope, but the intensity of the gamma source will remain 
the same. Under these conditions, more real is t ic neutron/gamma rat ios 
will be available and the tests should indicate whether the more efficient 
detectors , which have plateaus of much poorer quality, or the less efficient 
detectors provide the best overall system. 

6. Training 

Training activities during this period involved reactor technology 
courses for reactor and fuel cycle technicians, reactor plant systems 
study, operational exercises utilizing the EBR-I reac tor , and a seminar 
on the EBR-II reactor experimental program. 



All r e a c t o r t e c h n i c i a n t r a i n i n g was t e m p o r a r i l y s u s p e n d e d , for one 
week , for r e a c t o r p lan t work . T r a i n i n g was r e s u m e d when w o r k a s s i g n m e n t 
r e q u i r e m e n t s w e r e d e t e r m i n e d . 

The r e a c t o r t echnology c o u r s e for new t e c h n i c i a n s a s s i g n e d to 
r e a c t o r o p e r a t i o n s was e s s e n t i a l l y comple t ed , 

A r e a c t o r t echnology c o u r s e for fuel cyc le t e c h n i c i a n s , i n t ended to 
p r o v i d e a b r o a d u n d e r s t a n d i n g of the E B R - I I r e a c t o r fac i l i ty and i t s u n d e r ­
lying r e a c t o r c o n c e p t s , was in i t i a t ed . Nine t e c h n i c i a n s p a r t i c i p a t e d for 
twen ty - two c l a s s h o u r s . This effort i s a p p r o x i m a t e l y 50% c o m p l e t e . 

T h r e e t e c h n i c i a n s of the o p e r a t i n g o r g a n i z a t i o n spen t s e v e n w o r k ­
ing days a t E B R - I for f a m i l i a r i z a t i o n and t r a i n i n g in r e a c t o r o p e r a t i o n . 
T h e i r schedule inc luded s tud i e s of the b a s i c s y s t e m s and of the o p e r a t i n g 
charac ter i s t i c s of the reactor , comple t ion of s t a r t u p and week ly i n t e r l o c k 
check s h e e t s , and s u p e r v i s e d s t a r t u p of the r e a c t o r . Th i s t r a i n i n g was 
s u p p l e m e n t e d with an a p p r o a c h - t o - c r i t i c a l e x p e r i m e n t u s ing the o u t e r 
b l a n k e t cup, ac tua l c a l c u l a t i o n s , and con t ro l r od and cup c a l i b r a t i o n s . A 
l e c t u r e was a l so given on r e a c t o r s t ab i l i ty and the E B R - I m e l t d o w n . 

A s e m i n a r was conducted by the p r o j e c t p h y s i c i s t for the shift 
s u p e r v i s o r s and f o r e m e n conce rn ing the E B R - I I e x p e r i m e n t a l p r o g r a m . 

7. F u e l Deve lopmen t 

a. F a s t R e a c t o r F u e l J a c k e t Deve lopmen t - N b - 1 w / o Z r a l loy 
w i r e i s in the p r o c e s s of being f a b r i c a t e d for high t e m p e r a t u r e fuel j a c k e t 
deve lopmen t s t u d i e s . The a s - r e c e i v e d 0.675 in. d i a m e t e r b a r s tock w a s 
cold r o l l e d 91% to 0,176 in. s q u a r e w i r e , cut in l^-in, l e n g t h s , and a n n e a l e d 
at 1100°C for one hour in vacuo . The annea l ed m a t e r i a l was cold r o l l e d 
ano the r 90% to 0.056 in. s q u a r e w i r e and is be ing c l e a n e d p r i o r to the 
second annea l at the s a m e t i m e and t e m p e r a t u r e . The 0.050 in. s q u a r e 
w i r e will be d e l i v e r e d in a 20% cold worked condi t ion . 

Two 10 foot l eng ths of tubing m e a s u r i n g 0,385 in, 0 , D , x 
0.021 in. wa l l , w e r e r e c e i v e d f r o m the Wolver ine Tube Co, While i n s p e c t ­
ing the N b - 5 w / o Zr and N b - 5 w / o Z r - 1 0 w / o Ti a l loy t u b e s , c i r c u m f e r e n t i a l 
f inish m a r k s w e r e o b s e r v e d r a t h e r than the long i tud ina l m a r k s e x p e c t e d 
f r o m a d rawing o p e r a t i o n . C l o s e r e x a m i n a t i o n at 45 and 90X r e v e a l e d tha t 
the tubes w e r e p r o b a b l y b e l t sanded in an effort to r e m o v e the defec t ive 
ou te r skin l a y e r of the t u b e s . In i t ia l m e t a l l o g r a p h i c e x a m i n a t i o n of the 
tubes i nd i ca t ed that the ou te r l a y e r was s e v e r e l y a t t a c k e d dur ing p ick l ing 
o r that the ou te r l a y e r was heav i ly w o r k e d and fa i led by c r a c k i n g and t e a r i n g . 

Even though the tubing is unfit for f u r t h e r f a b r i c a t i o n , the m a ­
t e r i a l can be u s e d to ind ica te the b e h a v i o r of some of the p a r a m e t e r s of 
d r a w i n g , such a s ; the e f f ec t ivenes s of a soft c o r e , r e s u l t i n g d i a m e t e r to 
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thickness ra t ios , and fabricability to 0.156 in. I.D. x 0.009 in. wall tubing. 
For the fabrication of quality tubing, it will be necessary to remove the 
defective layer, which might be as much as 25% of the wall thickness, by 
belt sanding or grinding. 

A 10 in. segment of the as- received Nb-5 w/o Zr-10 w/o Ti 
tubing was cold drawn over a copper core to 0.196 in. O.D.,through 13 
aluminum-bronze dies. The tubing did not fail and was relatively free 
from str iat ions. The D/t ratio remained relatively constant. Fur ther 
reductions to 0.156 in. I.D. x 0.009 in. wall will be attempted through 
lubricated tungsten carbide dies. 

b. Proper t ies of Uranium-Plutonium-Fissium Alloys - The study 
of the proper t ies of uranium-plutonium-fissium alloys has continued and 
thermal conductivity data have been obtained on four alloys of high 
zirconium-fissium content (total Zr, 2.8 w/o). The alloy from the pyro-
processing cycle can be varied in plutonium and fissium content. The 
different compositions studied reflect the variations in composition that 
may be expected from the pyroprocessing. 

The thermal conductivity values of the four uranium-plutonium-
fissium alloys are listed in Table III. The thermal conductivity of the 
reference alloy, uranium-20 w/o plutonium-10 w/o fissium, is decreased 
about 8% if the fissium content is ra ised to 1 5 w/o fissium or is decreased 
20% if the plutonium content is raised to 40 w/o plutonium. However, the 
values for uranium-10 w/o plutonium-10 w/o fissium and uranium-
20 w/o plutonium-10 w/o fissium are practically identical. The thermal 
conductivities of two alloys remain to be determined - uranium-
20 w/o plutonium-5 w/o fissium and the low zirconium uranium-
20 w/o plutonium-10 w/o fissium. 

Table III. Thermal Conductivity of Uranium-Plutonium-Fiss ium 
(High Zirconium) Alloys 

(in ca l /sec-cm-°C) 

Temp, U-10 w/o Pu- U-20 w/o Pu- U-20 w/o Pu- U-40 w/o Pu-
(°C) 10 w/o Fs 10 w/o Fs 15 w/o Fs 10 w/o Fs 

100 
200 
300 
400 
500 
600 
700 
800 

0.043* 
0.046 
0.051 
0,057 
0,063 
0,070 
0,077 
0.084* 

0.044* 
0.047 
0,051 
0,056 
0.062 

0.069 
0.077 
0.086* 

0.040* 
0.043 
0.048 
0.053 
0.060 
0.067 
0.074 
0.080* 

0.029* 
0,034 
0.040 
0.04 5 
0.051 
0.057* 
0.062* 

*Extrapolated values. 



20 

The f i s s i u m compos i t i ons l i s t e d in Table IV a r e c a l c u l a t e d for 
a 20 w / o Pu^^ '-20 w / o U ^ " fuel. Half the t e c h n e t i u m is added to the m o ­
lybdenum and half to the ru then ium. It is a l so a s s u m e d that no z i r c o n i u m 
is r e m o v e d by the p r o c e s s i n g cyc le . 

Table IV, Fiss ium Composition for a Fuel Containing 

Z r 
Mo 
Ru 
Rh 
P d 

Total F s . 

Compat ib i l 

20 

% 

i t y 

w / o 

5 

of U 

P u " ' 

w/o F 

1.40 
1,87 
1,98 
0,25 
0,50 
5,00 

and 

s 

r a n i u m -

20 w/o U"^ 

10 w/o Fs 

2.80 
2,75 
2,95 
0,50 
1,00 

10,00 

1 5 w/o F s 

4,20 
4,62 
4.93 
0,75 
1,50 

15,00 

5 w/o F i s s i u m with 304 S t a i n l e s s c. 
Steel - The Mark I loading of EBR- I I c o n s i s t s of u r a n i u m - 5 w / o f i s s i u m 
fuel in a cladding of Type 304 s t a i n l e s s s t e e l . A s e r i e s of h e a t t r e a t m e n t s 
w e r e p e r f o r m e d on diffusion couples of these m a t e r i a l s at 550, 600 and 
650''C for one, two and four weeks . By m i c r o s c o p i c e x a m i n a t i o n of t h e s e 
couples it was d e t e r m i n e d that bonding did not occu r b e c a u s e of ox ida t ion 
on the bonding s u r f a c e s , A new bonding and encapsu la t i on t echn ique h a s 
been p e r f o r m e d on a new set of diffusion coup les . T h e s e couples a r e 
p r e s e n t l y being hea t t r e a t e d at 550, 600, 650 and 700°C for one , two and 
four weeks . It is hoped that by using th is m o r e m e t i c u l o u s bonding 
method that b e t t e r r e s u l t s will be obtained, 

d. P e n e t r a t i o n Rate of Cladding M a t e r i a l s by Mol ten F u e l s -
Safety cons ide ra t ions of EBR- I I ope ra t ion r e q u i r e i n fo rma t ion about the 
r a t e of pene t r a t i on of va r i ous p r o s p e c t i v e clad m a t e r i a l s , e s p e c i a l l y r e ­
f r a c t o r y a l loys , by mol ten u r a n i u m - andp lu ton ium-con ta in ing fue ls . The 
a p p a r a t u s for tes t ing these m a t e r i a l s up to 1500°C in a g lovebox is now 
comple ted . Using this appa ra tu s t e s t s w e r e run on 304 s t a i n l e s s s t ee l and 
A r m c o i ron with mol ten u r a n i u m . The 304 s t a i n l e s s s t ee l with m o l t e n 
u r a n i u m had been p rev ious ly t e s t ed in another a p p a r a t u s (ANL-6565 P r o g ­
r e s s Repor t for Apr i l , 1962). These a r e our f i r s t t e s t s of A r m c o i ron in 
mol t en u r a n i u m . The p r e l i m i n a r y r e s u l t s a r e indica ted in Tab le V. 

Table V. Time (sec) to Penetrate 0,030 in. Wall Capsules 
of 304 SS and Armco Iron bv Molten Uranium 

0,030 in, 304 SS 

0,9 
1,3 
4,3 
7.3 
5.7 

4.6 

Temp. (°C) 

1138 
1148 
1169 
1187 
1229 
1Z44 
1300 

0,030 in. Armco 

1.3 
1.1 
1.05 
1.3 
7.0 
5.2 
3.7 
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These data are generally in good agreement and serve to 
confirm the early test resul t s . 

8. P roces s Development 

a. Melt Refining Process Technology - A pin cast from melt 
refined metal from the fifth high-activity-level experiment was exposed 
to air for 18 days and then exposed to undiluted nitrogen at 650°C for one 
hour. Its nitridation rate was very low, which is attributed to the forma­
tion of a protective oxide coating during exposure to air . 

A process is being studied for melt refining uranium fuel pins 
in an inert crucible under a low melting oxide flux containing uranium 
dioxide. The possible advantages of this process are higher yield, lower 
contacting temperature and shorter contacting t ime. The uranium dioxide 
oxidizes fission elements whose oxides are less stable than uranium di­
oxide. An initial experiment had as its objectives (1) finding a flux that is 
more stable than uranium and has a low melting point and (2) finding a 
crucible mater ia l of sufficient inertness to withstand attack by both the 
melt and the flux. Pre l iminary experiments indicate that slip cast 
beryll ia crucibles and a flux base of either 66.5 mole percent BeO-
33.5 mole percent BaO which melts at 1430°C or 63 mole percent BeO-
37 mole percent SrO which melts at 1380°C are satisfactory crucible-flux 
base combinations. 

Distillation of magnesium-zinc in the melt refining furnace is 
being studied as an alternative to retorting zinc- and magnesium-coated 
uranium after the intermetall ic decomposition step of the skull r ec lama­
tion p rocess . In a run in which 400 grams of 50 percent magnesium-zinc 
was distilled from the crucible, 89 percent of the charge was collected in 
the graphite condenser resting on the furnace crucible, 8.7 percent was 
collected on the Fiberfrax insulator inverted over the condenser, and 
2.3 percent was not accounted for. The graphite condenser had to be 
forcibly separated from the crucible after the run. Since such a procedure 
would not be satisfactory for remote operations, zinc-magnesium dist i l la­
tion will not be feasible unless a satisfactory gasket mater ia l is found for 
use between the condenser and crucible. 

b. Skull Reclamation Process - Results of two noble metal ex­
traction runs, performed under inert atmosphere with some exposure of 
flux to a i r , gave satisfactory extraction of noble elements, as compared 
with three runs performed in a dry atmosphere in which noble metal ex­
tractions were not effective. The most plausible explanation is that 
water, absorbed by the deliquescent flux during loading of equipment in 
air a tmosphere, promotes noble metal leaching. The mechanism involved 
in this action is not yet understood. 
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B e r y l l i a c r u c i b l e s m a d e by t h ixo t rop i c s l u r r y c a s t i n g con t inue 
to p e r f o r m excep t iona l ly wel l as c o n t a i n e r s for the i n t e r m e t a l l i c p r e c i p i t a ­
t ion , u r a n i u m p r e c i p i t a t i o n , and r e t o r t i n g o p e r a t i o n s . A 4 - i n c h - d i a m e t e r 
9 - i nch -h igh s t a i n l e s s s t e e l - j a c k e t e d c r u c i b l e of t h i s type h a s s u c c e s s f u l l y 
u n d e r g o n e the equ iva len t of ten i n t e r m e t a l l i c and d e c o m p o s i t i o n s t e p s on a 
1 0 0 - g r a m - u r a n i u m s c a l e . These a r e the b e s t r e s u l t s ob ta ined thus far with 
any c r u c i b l e . 

The des ign of the i n t e g r a t e d p r o c e s s e q u i p m e n t for l a r g e - s c a l e 
d e m o n s t r a t i o n (2-2-kg of u r a n i u m ) of the skul l r e c l a m a t i o n p r o c e s s i s about 
80 p e r c e n t c o m p l e t e . Mo lybdenum-30 weight p e r c e n t t ungs t en a l loy h a s 
b e e n chosen as the m a t e r i a l for t r a n s f e r l i ne s on the b a s i s of good r e s u l t s 
ob ta ined in 15 t r a n s f e r s of 8 - k i l o g r a m quan t i t i e s of z inc a t t e m p e r a t u r e s 
up to 850 C. The r e s u l t s of mo l t en zinc t r a n s f e r s u n d e r cond i t ions m o r e 
s e v e r e than those expec ted in skull r e c l a m a t i o n ind i ca t e tha t m i l d s t e e l 
or s t a i n l e s s s tee l wil l be a s a t i s f a c t o r y m a t e r i a l for w a s t e c o n t a i n e r s . 

'^- B lanke t P r o c e s s i n g Studies - The b l anke t p r o c e s s i nvo lves 
d i s so lu t ion of the p l u t o n i u m - b e a r i n g b lanke t m a t e r i a l in a z i n c - r i c h a l loy , 
p r e c i p i t a t i o n of u r a n i u m by addi t ion of m a g n e s i u m , and r e m o v a l of the 
s u p e r n a t a n t phase whose vo lume will be r e d u c e d by e v a p o r a t i o n , if n e c ­
e s s a r y , to a vo lume su i tab le for feeding into a fu ture c o r e c y c l e . The 
m o s t i m p o r t a n t fac to r in d e t e r m i n i n g the eff ic iency of the u r a n i u m -
p lu ton ium s e p a r a t i o n is the eff iciency of the p h a s e s e p a r a t i o n . In t h i r t e e n 
r u n s at 25- sca le (0.5 kg u r a n i u m , 5.5 kg m a g n e s i u m - z i n c a l loy ) , th-e ef­
f ic iency of t r a n s f e r was 92,5 to 97,5 p e r c e n t of the s u p e r n a t a n t p h a s e . It 
IS concluded that washing of the u r a n i u m p r e c i p i t a t e will p r o b a b l y be 
u n n e c e s s a r y , 

d, P l u t o n i u m R e c o v e r y P r o c e s s - The d i s t r i b u t i o n coef f ic ien t s of 
v a n a d i u m , b a r i u m , and z i r c o n i u m be tween z i n c - m a g n e s i u m so lu t ion and 
mo l t en m a g n e s i u m ch lo r ide at 800=0 w e r e d e t e r m i n e d . V a n a d i u m tended 
to favor the m e t a l p h a s e at m a g n e s i u m c o n c e n t r a t i o n s of 0 066 to 
65.2 weight p e r c e n t , and b a r i u m s t r o n g l y f avo red the flux p h a s e th roughou t 
the r ange of m a g n e s i u m c o n c e n t r a t i o n s u s e d (0.77 to 76.2 weight p e r c e n t ) . 
Z i r c o n i u m showed a p r e f e r e n c e for the m e t a l p h a s e a t a l l m a g n e s i u m con­
c e n t r a t i o n s t e s t e d (0.08 to 75 weight p e r c e n t m a g n e s i u m ) . S o L vo lT t iUza-
t .on of z i r c o n i u m t e t r a c h l o r i d e m a y have o c c u r r e d dur ing the e x p e r i m e n t 

m . a . e ^ i ^1!','' ""/''^ °^ P lu ton ium c o n c e n t r a t i o n on i t s d i s t r i b u t i o n be tween 

Z o T n v e T - T l ' \ " " ' " ' ° " ' ' ^ ^ * P"^ ' ^ ' ^* m a g n e s i u m at 800=C was 
0 to 5 we b t h - P lu ton ium c o n c e n t r a t i o n was i n c r e a s e d f r o m about 

about o ' i T : f o i r ^ ^ " ' ^ ' ^ '-'^^^-'-^ = - « — - c r e a s e d s l igh t ly f r o m 

r e d u c t i o • . ^^^^^ i^^ i iHJ i^^^ i^^Hi :^^ - E x p e r i m e n t s on the d i r e c t 

m a t i e T ' ^ " " ' ^ ' ' ° ^ '^"'^""^ "^^^^^ ^^ - " - ^ - ^ - e i g h t p e r c e n t 
m a g n e s i u m al loy have shown tha t when an a r g o n a t m o s p h e r e is u s e d 



23 

instead of air (see ANL-6573, P rogres s Report for May 1962, page 25), 
complete reduction can be achieved over a wider range of flux composi­
tions. The broadened range permits the use of more convenient and 
economical flux compositions. Other experiments showed that the rate of 
reduction increases both with increased st irr ing rate and increasing tem­
perature from 750 to 850°C. 

f. Reduction of Uranium Ore Concentrate - The feasibility of 
reducing uranium ore concentrates by zinc-magnesium-molten flux p ro ­
cedures is being evaluated in a limited program. Uranium metal buttons 
have been prepared by these procedures . Analytical resul ts on the purity 
of the product are not yet available. 

g. Materials Evaluation - A study is underway to test various 
types of beryl l ia for wettability and permeability by molten salts and 
metals . A sample of isostatically pressed and sintered beryll ia which 
was exposed to zinc at 800°C for 100 hours did not appear to have been 
wetted, but zinc penetration was noted. Another sample of isostatically 
p ressed and sintered beryll ia was exposed to a LiCl-MgCl2-MgF2-
ZnClj flux at 800°C for 75 hours; some areas were wetted by the flux, 
which filled nearly all of the pore volume. 

A crucible and agitator were tested under skull oxide reduc­
tion conditions for a period of 500 hours at 800°C. The charge consisted 
of 3500 grams zinc, 193 grams magnesium, 154 grams skull oxide (con­
taining approximately 75 percent uranium), and 821 grams of 47.5 weight per­
cent LiCl-47.5 weight percent MgCl2-5 weight percent MgF2 flux. Tested 
were a tungsten crucible made by isostatic pressing and sintering and a 
molybdenum-30 percent tungsten agitator which was operated continuously 
during the run at 500 rpm. At the conclusion of the run, the crucible had 
undergone no visible attack, but some pitting was noted on the surface of 
the agitator. 

Techniques are needed for fabricating la rge , impermeable , 
cor ros ion- res i s tan t , thermal-shock-res is tan t crucibles. A study is under­
way to develop a cement to be used either as a mortar in making brick-type 
beryll ia crucibles or as a component (along with a suitable mineral ag­
gregate) of a mix for making crucibles by the method of concrete casting. 

D. FARET 

Design studies and measurements are continuing to develop a low 
conductivity or thermally insulated fuel element for Doppler coefficient 
studies. An alternate design to the powdered fuel concept described in 
ANL-6580 (Progress Report for June, 1962) and one believed to be in­
sensitive to thermal cycling consists of ceramic pellets . Each ceramic 
pellet has a number of small peripheral projections or pads approximately 
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0.015 in. high which c e n t e r the pe l l e t within the m e t a l s h e a t h and p r o v i d e 
for the r e q u i r e d insu la t ing gap be tween fuel and c lad . The tube is g a s 
f i l led. The l a b o r a t o r y t e s t a s s e m b l i e s of both c o n c e p t s a r e shown in 
F i g u r e 2. 

THERMOCOUPLE WELL 

- F U E L S A M P L E 
5 3 2 5 DIA t 7'/2 LG 

AVERAGE T E M P E R A T U R E I 4 5 0 ° F 

/ . P L A T I N U M HEATING WIRE 
T E M P E R A T U R E — 2 6 0 0 ° ^ . 

^ T U S E 

. 6 2 5 O D AVERAGE TEMPERATURE 5 0 0 ° F 

GAP .015" 

TO 

0 5 0 WALL TUBE WITH — 4 0 0 ^ SIZE UOj PACKED 

65 % THEORETICAL DENSITY PLUS ARGON GAS 

PLAT INUM HEATING WIRE WOUND ON Sz ARBOR 

Figure 2. FARET Heated Fuel SampI .es 

The r e s u l t s of t e s t s using e l e c t r i c a l heat ing on the i n s u l a t e d p e l l e t s 
show p r o m i s e . The r e s u l t s of the l a t e s t t e s t a r e shown in Tab le VI. 

Table VI. F A R E T Heated F u e l Sample 
(0.5325 in. d i a m e t e r x 7-1- in. long) 

Heating wire 2620 
Cente r of pe l le t 1575 
Surface of pe l le t 1445 

°C 

1440 
860 
610 

Meta l shea th 
Grad ien t a c r o s s 

0.015 in. gap 

°F 

500 

815 

°C 

260 

435 

The hea t conduction r a t e . ; k ( e ) d e , for th is t e s t was 6 . 9 w / c m which would 

c o r r e s p o n d to a r e a c t o r power of a p p r o x i m a t e l y 2 Mw for a 1 6 7 0 - l i t e r zoned 

i m ' t e l v 5 4 T c " ' h " T "^t'"' '° ° ' *^^" ^ '''"'''-' — '^^ g^P °f ^ P P - x ima te ly 540 C which would c o r r e s p o n d to a p p r o x i m a t e l y 8 M w of r e a c t o r 

s t r T t l d bv ê  " ' ' ' " ' ^ ' ' ^ " ^ " ^ t e m p e r a t u r e g r l d i e n t can be d e L n -
s t r a t e d by e x p e r i m e n t s now in p r o g r e s s . 
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The design of the main coolant piping, as shown in the prel iminary 
proposal , dated April 16, 1962, was analyzed for forces, bending moments , 
and fibre s t r e s ses due to thermal expansion and internal p r e s su re . 

The resul ts of this analysis showed excessive thermal s t r e s ses of 
44.000 psi in the reac tor - to-heat exchanger line and 37,000 psi in the heat 
exchanger- to-pr imary pump line. To stay within the American Standard 
Code for P r e s s u r e Piping (ASA B 31.1-1955) of 31,750 psi at 7,000 thermal 
cycles from 70° to 1200°F, the reactor exit coolant nozzles has been r e ­
located 90 degrees counterclockwise and the exit pipe redesigned to a 
U-configuration (maximum s t ress 31.200 psi). The study is continuing to 
achieve greater margins between calculated and allowable s t r e s se s . 
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III. GENERAL R E A C T O R TECHNOLOGY 

A. Appl ied R e a c t o r P h y s i c s 

1. Neu t ron Sca t t e r ing 

a. E l a s t i c Neu t ron Sca t t e r ing f r o m I ron - The n - 7 d i s c r i m i n a t i o n 
de tec to r was u s e d to m e a s u r e the angu la r d i s t r i b u t i o n of n e u t r o n s e l a s t i -
cal ly s c a t t e r e d f rom i ron for inc ident n e u t r o n e n e r g y be tween 700 kev and 
1100 kev. The ene rgy r e so lu t i on u s e d was ZZ kev. Mul t ip le s c a t t e r i n g c o r ­
r e c t i o n s of the angular d i s t r i bu t i ons have not been c o m p l e t e d . H o w e v e r , the 
i n t eg ra l of the angular d i s t r ibu t ion , which y i e ld s the to ta l e l a s t i c s c a t t e r i n g 
c r o s s sec t ion, is independent of the mul t ip l e s c a t t e r i n g c o r r e c t i o n for i r o n . 
The to ta l e l a s t i c c r o s s sec t ion (oel) t o g e t h e r with the to ta l c r o s s s e c t i o n 
(at) a r e shown in F i g u r e 3. The abso lu te c r o s s sec t ion w a s d e t e r m i n e d by 
m e a s u r i n g the s c a t t e r e d in tens i ty f rom i r o n r e l a t i v e to the s c a t t e r e d in ­
t ens i ty f rom carbon . The mul t ip le s c a t t e r i n g c o r r e c t i o n for c a r b o n h a s 
been d e t e r m i n e d and is included in F i g u r e 3. C o m p a r i s o n of the Oel and 
Of c u r v e s in the f igure c l e a r l y shows the onse t of s t r o n g i n e l a s t i c s c a t t e r ­
ing (tJinelastic = at - Oel) in the v ic in i ty of 1 Mev. 

Fe( i i , n) 

E = 22 Ke» 

Figure 3. Total and Total Elastic Cross Section of Natural Iron 

b. E l a s t i c Sca t te r ing of F a s t Neu t rons by T i m e - o f - F l i g h t - N u m e r ­
ous e x p e r i m e n t a l m e a s u r e m e n t s (~2 x 10^) w e r e m a d e dur ing th i s p e r i o d . 
The work involved s tud ies of e l a s t i c s c a t t e r i n g of 7 0 0 - 1 5 0 0 - k e v n e u t r o n s 
f rom ant imony, c h r o m i u m , cobal t , t in, z i r c o n i u m , coppe r , n iob ium, z inc , 
W'*^ n a t u r a l u r a n i u m , and t an ta lum. The neu t ron e n e r g y r e s o l u t i o n w a s 
a p p r o x i m a t e l y 50 kev. The di f ferent ia l s c a t t e r i n g c r o s s s e c t i o n s w e r e 
m e a s u r e d a t 10 to 11 ang les be tween 20 d e g r e e s and 145 d e g r e e s . Abso lu t e 
n o r m a l i z a t i o n was m a d e r e l a t i v e to the known s c a t t e r i n g c r o s s s e c t i o n of 
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c a r b o n . The l a r g e a m o u n t of data i s now being p r o c e s s e d in o r d e r to r e ­
duce the e x p e r i m e n t a l m e a s u r e m e n t s to a c o m p a c t a n a l y t i c a l f o r m . T h e s e 
m e a s u r e m e n t s a r e a p a r t of the c o m p r e h e n s i v e s tudy of f a s t n e u t r o n s c a t ­
t e r i n g f r o m i n t e r m e d i a t e and heavy m a t e r i a l s . 

It is b e c o m i n g i n c r e a s i n g l y ev iden t tha t the above type of w o r k 
wi l l d e m a n d m o r e s o p h i s t i c a t e d da ta i n t e r p r e t a t i o n and r e d u c t i o n if r e s u l t s 
a r e to be ob ta ined with exped iency . Ef for t s to i m p r o v e the c u r r e n t p r o c e s ­
sing p r o c e d u r e a r e now in p r o g r e s s wi th e m p h a s i s on the p r o b l e m of p a t t e r n 
r e c o g n i t i o n . The e x p e r i m e n t s t h e m s e l v e s involve s o m e h u n d r e d s of h o u r s 
of o p e r a t i o n of the a c c e l e r a t o r and a s s o c i a t e d equ ipmen t . 

2. C r o s s Sect ion M e a s u r e m e n t s 

The Co^* ' ° , w h e r e m r e f e r s to m e t a s t a b l e s t a t e and g r e f e r s to 
g round s t a t e , decay c u r v e s f rom the Ni*^(n,p) Co^^ c r o s s s ec t i on m e a s u r e ­

m e n t r e p o r t e d in ANL-6580 (Monthly 
P r o g r e s s R e p o r t for J u n e , 1962) have been 
a n a l y z e d to d e t e r m i n e the i s o m e r r a t i o . 
The r e s u l t s a r e p r e s e n t e d in F i g u r e 4. 
The r a p i d r i s e i s the r e l a t i v e y ie ld of 
Q^Bsm ]-|gj|-,^ j_2 Mev n e u t r o n e n e r g y is 
being i n v e s t i g a t e d f u r t h e r . 

3. T h e r m a l C r i t i c a l E x p e r i m e n t s (Hi -C 
and BORAX-V Superhea t ) 

Two m a r k e d l y d i f ferent c o r e s w e r e 
a s s e m b l e d dur ing th i s p e r i o d . The f i r s t , 
a cont inuat ion of the s tudy of high m e t a l -
t o - w a t e r r a t i o s y s t e m s , was m a d e by s u b ­
s t i tu t ing s t a i n l e s s s t e e l - c l a d H i - C , 3 wt -% 
e n r i c h e d UO2 fuel in the c e n t r a l r eg i o n of 
the c o r e d e s c r i b e d in ANL-6580 ( P r o g r e s s 
R e p o r t for June , 1962). C r i t i c a l i t y was 
obta ined wi th 1,875 s t e e l - c l a d e l e m e n t s in 
a 1 .127-cm t r i a n g u l a r l a t t i c e f o r m i n g a 
9 0 . 6 - c m d i a m e t e r c e n t r a l fuel zone . The 
s u r r o u n d i n g p e r i p h e r a l zone w a s 11.3 c m 
th ick and inc luded 959 a l u m i n u m - c l a d 
e l e m e n t s of the s a m e fuel loaded wi th 
a l t e r n a t i n g rows vacan t in the s a m e g r i d . 
The vo lume r a t i o s of H2O/UO2 w e r e 0.316 
and 1.92 in the c e n t r a l and the p e r i p h e r a l 

z o n e s , r e s p e c t i v e l y . The c o r r e s p o n d i n g a t o m i c r a t i o s {u/u"^) a r e a p p r o x ­
i m a t e l y 1/1 and 5 . 8 / 1 . 

Figure 4. Ratio of Metastable to Ground 
State Yields for the Reaction 
Nî S (n.p) Co58. 
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A few foil e x p o s u r e s w e r e m a d e in th i s s t a i n l e s s s t e e l H i - C c o r e . 
C o m p l e t e l y b a r e and c a d m i u m - c o v e r e d t r a v e r s e s w e r e m a d e wi th d y p r o s i u m . 
and gold, and in addi t ion, data w e r e ob ta ined for d e t e r m i n a t i o n of the c a d m i ­
u m r a t i o at the c e n t e r of the c o r e with m a n g a n e s e and c o p p e r . F u r t h e r e x ­
p e r i m e n t s wi th th i s loading w e r e pos tponed in o r d e r to p e r f o r m s o m e 
BORAX-V s u p e r h e a t c r i t i c a l e x p e r i m e n t s . 

In the second a s s e m b l y , the H i - C c o r e s t r u c t u r e was r e p l a c e d by 
one which a l lowed the in t roduc t ion of a c e n t r a l zone c o m p o s e d of the 
BORAX-V s u p e r h e a t e r e l e m e n t s . Th i s was done to obtain flux and p o w e r 
d i s t r i b u t i o n s and flooding r e a c t i v i t y m e a s u r e m e n t s for the B O R A X - V 
c e n t r a l s u p e r h e a t e r . Twelve BORAX-V s u b a s s e m b l i e s con ta in ing 5.18 kg 
U^^^ and about 180 kg of Type 304 s t a i n l e s s s t e e l w e r e l o a d e d in a 
2 - 4 - 4 - 2 a r r a y ins ide four a l u m i n u m q u a d r a n t c a n s , f o r m i n g a c e n t r a l fuel 
zone a p p r o x i m a t e l y 42 c m wide and 61 c m high. Th i s w a s s u r r o u n d e d by 
a p e r i p h e r a l fuel zone of the a l u m i n u m clad , 3 wt -% e n r i c h e d UO2 fuel 
e l e m e n t s . A p p r o x i m a t e l y 1200 e l e m e n t s w e r e r e q u i r e d for c r i t i c a l i t y when 
a r r a n g e d in a s q u a r e l a t t i c e p a t t e r n of 1.27 c m p i t ch . The t h i c k n e s s of t h i s 
p e r i p h e r a l fuel zone v a r i e d f r o m 10 to 25 c m , having an o u t s i d e b o u n d a r y 
r a d i u s of about 33 cm. Th i s zone was 122 c m high but m o d e r a t o r he igh t 
was l i m i t e d to no m o r e than 91 cm. The v o l u m e r a t i o (H2O/UO2) w a s 1.35, 
c o r r e s p o n d i n g to an a t o m i c r a t i o ( H / U ^ ^ ^ ) of 4 / 1 . 

4. P r e p a r a t i o n s for P l u t o n i u m C r i t i c a l E x p e r i m e n t 

E x t e n s i o n of the H i -C c r i t i c a l a s s e m b l y p r o g r a m to i nc lude c o r e s 
conta in ing p lu ton ium a s r e a c t i v i t y sp ike s or for syn the t i c e n r i c h m e n t h a s 
been p r o p o s e d . The s e a r c h for a convenien t m e t h o d of v a r y i n g the p l u t o n i u m 
content of the fuel e l e m e n t s h a s led to a c o n s i d e r a t i o n of b lend ing p l u t o n i u m 
with UO2 powder and compac t ing the m i x t u r e in fuel t ubes by v i b r a t i o n . 

In addi t ion c o n s i d e r a t i o n is be ing given to the u s e of p l u t o n i u m -
conta in ing g l a s s deve loped by the Mounds L a b o r a t o r y . It w a s a n t i c i p a t e d 
that the p lu ton ium componen t fixed in the g lobu les of g l a s s would m i n i m i z e 
the hea l t h h a z a r d in c a s e of f r a c t u r e of the fuel c o n t a i n e r s . H o w e v e r , s o m e 
fu rnace t e s t s , s i m u l a t i n g a power e x c u r s i o n , i n d i c a t e tha t s u b s t a n t i a l 
a m o u n t s of p lu ton ium a r e r e l e a s e d f rom the g l a s s . 

T e s t s m o r e r e p r e s e n t a t i v e of ac tua l r e a c t o r c o n d i t i o n s , in tha t the 
h e a t wil l be deve loped within p l u t o n i u m - b e a r i n g g l a s s m i x e d wi th UO2 powde r , 
a r e p r o p o s e d for p e r f o r m a n c e in the T R E A T r e a c t o r . 

5. T h e o r e t i c a l P h y s i c s 

^- .Ma thema t i ca l N u m e r i c a l Methods A n a l v s i s - The i t e r a t i v e 
m e t h o d for r e p e a t e d i n t e g r a t i o n of functions of a s ing le v a r i a b l e w a s 
m e n t i o n e d in ANL-6509 ( P r o g r e s s R e p o r t for J a n u a r y , 1962) and wi l l be 
pub l i shed m the next i s s u e of the C o m p u t e r J o u r n a l . It h a s b e e n found 
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possible to combine this approach with the i terative interpolation scheme 
for functions of several independent variables* to obtain an i terat ive tech­
nique for obtaining repeated integrals and part ial derivatives of mult ivariate 
functions. The derivation of the algorithm has been completed, and the 
bivariate case of algorithm is being programmed for numerical tes t s . Even 
this, the simplest case, is extremely complicated, and the power of the 
Algol-60 language and of the Algol-30 compiler for the LGP-30 are of great 
assis tance in this task. 

b. EBWR Core Designs with High Neutron Economy - In connection 
with the study of an EBWR core 2 design consisting of 36 depleated uranium 
(0.4% V"^) elements, D; and H I enriched (2.7% enriched) elements, E; the 
feasibility of a 9-rod cold shutdown had been reported based on a distribution 
of D elements that would break up "local cr i t ical i t ies" (ANL-6433 P rog re s s 
Report for September, 1961). A uniform distribution of the D and E elements 
had resulted in a kĝ ^ - 0.07. 

The above resul ts implied a relatively high thermal neutron flux 
in the D zones, increasing the importance of these zones. It was deduced 
that buildup of fissionable Pu in the D zones should also have greater r e ­
activity worth than burnup of U^̂ ^ in E zones. 

The power developed in these D elements should also be higher 
than might be expected, due to the high thermal fluxes in the D zones. 
Fur thermore , the power developed in the D zones should also increase with 
burnup. 

The above design considerations were verified by 3 group 
PDQ-2 calculation on a core using 0.4% enriched D elements and 2.3% en­
riched E elements. There was a positive reactivity swing of 2.2% which 
was reduced but not completely at the end of 6800 Mwd/T burnup of E 
elements. 

c. Feasibili ty of Pu^^^-U^^^ Cores to Predict Core Dimensions 

(l) Fast Critical Experiments - The feasibility of determining 
crit icali ty using minimum fissile inventories through the assembly of zoned 
fast reactor systems is being investigated analytically. An analysis was 
made for a representat ive case. The crit ical size of a uranium-fueled a s ­
sembly is determined by a full size mockup. Then half of the assembly is 
removed and replaced by a plutonium-fueled region of a sufficient size to 
again achieve crit icali ty. The difference between the size of the plutonium-
fueled par t and half the size of a totally plutonium-fueled cri t ical is calcu­
lated using multigroup diffusion theory for bare cores . Usually the difference 
is less than 1%; however, for a case in which the two halves were deliberately 

* H. C. Thacher, J r . and W. E. Milne, "Interpolation in Several Independent 
Variables," J. Soc. Indust. Appl. Math., Vol. 8, pp. 33-42 (i960). 
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p o o r l y m a t c h e d wi th r e s p e c t to n e u t r o n s p e c t r a and diffusion c h a r a c t e r i s t i c s , 
the d i f fe rence was c lo se to 10%. C a l c u l a t i o n s w e r e a l s o m a d e of the m a g n i ­
tude of e r r o r s i n t r o d u c e d by u n c e r t a i n t i e s in the c r o s s s e c t i o n s and in the 
m e t h o d of ca l cu la t ion of the to ta l c r i t i c a l s i z e . F o r a l l c a s e s c o n s i d e r e d t he 
e r r o r in the f o r m e r me thod is only a f r ac t ion of tha t i n t r o d u c e d by the l a t t e r . 
Two e n e r g y g r o u p s w e r e u s e d in a l l n u m e r i c a l c a l c u l a t i o n s . M a c h i n e c a l ­
cu la t ions a r e now being p e r f o r m e d in o r d e r to d e t e r m i n e how we l l the r e s u l t s 
found for b a r e c o r e s a r e app l i cab l e to r a d i a l l y r e f l e c t e d c o r e s . The c o m ­
p a r i s o n of r e s u l t s thus far ind ica te tha t the a g r e e m e n t i s qu i te good. 

B. R e a c t o r F u e l s Deve lopmen t 

1. C o r r o s i o n Studies 

a. Z i r c o n i u m Al loys for S u p e r h e a t e d S t e a m - The s t e a m t e s t i n g 
was begun on a s e r i e s of e x p e r i m e n t a l Zr a l l oys which a r e v a r i a t i o n s on 
the N i - F e and C u - F e t e r n a r i e s c u r r e n t l y of m o s t i n t e r e s t . 

T h e s e a l loys w e r e m a d e by a r c m e l t i n g at A r g o n n e . O p e r a t i n g 
diff icul t ies c a u s e d u n c e r t a i n t y a s to p u r i t y of the m e l t i n g a t m o s p h e r e ; thus 
th is s e r i e s m a y be r e m a d e . 

Samples w e r e p r e p a r e d in dupl ica te f r o m hot r o l l e d s h e e t s . One 
s a m p l e of each p a i r was hea t t r e a t e d in an e v a c u a t e d q u a r t z c a p s u l e a t900°C 
for -J- hour and w a t e r quenched. Su r faces w e r e c l e a n e d m e c h a n i c a l l y and by 
e tching . The final s u r f a c e s p r i o r to c o r r o s i o n t e s t w e r e a s e t c h e d in 
HNO3-HF ac id solut ion, the hea t t r e a t e d s a m p l e s being e t c h e d s o m e w h a t 
m o r e s t rong ly than the o t h e r s . 

The hea t t r e a t e d s a m p l e s c o n s i s t e n t l y ga ined l e s s we igh t than 
the hot ro l l ed s a m p l e s of the i r r e s p e c t i v e a l l o y s , but th i s m a y be a r e s u l t 
of the r e l a t i v e l y round c o r n e r s and edges of the f o r m e r , p r o d u c e d by s t r o n g e r 
e tching before t e s t , r a t h e r than the hea t t r e a t m e n t . Usua l ly the hea t t r e a t e d 
s a m p l e s w e r e s u p e r i o r to the o t h e r s a t c o r n e r s and e d g e s a f t e r the e x p o s u r e 
to s t e a m . 

Samples of o the r Zr a l loy s tocks of i n t e r e s t w e r e p l a c e d in t e s t 
with the above. T h r e e of the a l loys w e r e c o m p a c t s m a d e f r o m the s e p a r a t e 
cons t i tuen t p o w d e r s by GE and w e r e t e s t e d as r e c e i v e d . S u r f a c e s w e r e p r e ­
p a r e d by wet g r ind ing . Two o the r a l loys w e r e m a d e by C a r b o r u n d u m C o r p o ­
ra t i on by a r c me l t ing . Hot r o l l e d s h e e t s w e r e m a d e , and s a m p l e s w e r e 
p r e p a r e d s i m i l a r l y to the ANL a r c m e l t e d s p e c i m e n s . 

.^^ , ,. '^.^'^ . ^ Y ^ " " " a p p e a r a n c e of a l l t h e s e s a m p l e s was r e l a t i v e l y good, 
wi th no definite ind ica t ion of f a i lu re thus fa r . 

t hose w 
,.• u '^^Tl [^'''^'^ ^"^"g cont inued with 22 of the above s a m p l e s , 
h ich fa i led have been r e m o v e d . 
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b. Lightweight Alloy for Use with Mercury - As reported p re ­
viously (ANL-6565, P rogres s Report for April, 1962) good mercury corrc 
sion res is tance of four nitrided titanium alloys at 454°C prompted an 
evaluation of these alloys in mercury at 538°C. In this ser ies of t e s t s , 
nitrided as well as as-polished Ti-2.5 w/o Al-16 w/o V, Ti-3 w/o Al-
5 w/o Cr, Ti-7 w/o Al-12 w/o Zr, Ti-8 w/o Mn and commercial ly pure 
titanium were included. However, only the alloys were exposed to both 
the liquid and vapor phases of mercury . The resul ts of these tes ts are 
shown in Table VII. 

Table VII. Weight Change (mg/cm' ) of Titanium and Titanium Alloys 
after 14 Days Exposure in Mercury at 538°C (Static) 

Mater ia ls 

Tested in 

As-pol ish 

-49.14 

-21.47 

-53.90 

-77.56 

-61.35 

Liquid 

e d 

Mercury 

Nitrided 

+0.78 

+0.11 

+0.08 

+0,07 

+0.13 

T ested in Mercury Vapor 

Nitr ided 

-
+ 1.12 

+0.64 

+2.82 

+0.40 

(1) Commercia l ly Pure Titanium 

(2) Ti-2 .5 w/o Al-16 w/o V 

(3) Ti-3 w/o Al-5 w/o Cr 

(4) Ti-7 w/o Al-12 w/o Zr 

(5) Ti -8 w/o Mn 

The nitrided alloys show no indication of any significant attack 
in liquid mercury except a partial disappearance of its golden surface and 
minor cracks around holes drilled to hang the samples. Round edges showed 
a remarkable improvement in cracking resis tance over sharp edges. 

Contrary to the ear l ier results at lower temperatures (371° and 
454°C), the untreated alloys, except for Ti-2.5 w/o Al-16 w/o V exhibited 
higher weight losses than commercially pure titanium. These results indi­
cate the probable importance of trace elements on corrosion behavior. 
Future investigations of this problem will be made by preparing alloys at 
the laboratory. No apparent attack on alloys in the vapor phase of mercury 
was observed under a low magnification microscope. 

Metallographic examination and chemical analyses a re in prog­
r e s s . Evaluation of these mater ia ls under dynamic conditions is planned. 

2. Ceramic Fuels 

a. Uc-PuC Fuel Development - Work continued on the uranium 
monocarbide precipitated from liquid metal media and supplied by Chemical 
Engineering Division. Ear l ier work on sintering of this mater ia l indicated 
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that when specimens were held at 1300°C for one hour before raising the 
temperature to a sintering temperature of 1750°C the time at t empera ture 
had little effect upon increasing the bulk density. This would indicate that 
densification was occurring below 1750°C, possibly at 1300°C or lower. As 
a result of these sinterings, it was thought desirable to determine the 
shrinkage versus the temperature in a vacuum for some of these carbides . 
This was done in a vacuum dilatometer maintaining as nearly as possible 
a rate of temperature r ise of 38°c / l0 minutes from 750°C to 1500 -1600 C, 
the termination temperature. The specimens used were -j- in. in diameter 
by 4- in. long and were formed isostatically. Four different compositions 
were run: three were precipitated material and the fourth was mater ia l 
supplied by the United Nuclear Corporation, made by the reaction of p ro ­
pane with hydrided uranium metal. 

The specimens made from precipitated carbides produced 
shrinkage versus temperature curves which were very s imilar . Shrinkage 
began very slowly at 750°C and increased until at 1200°-1300°C it was^very 
rapid. At 1300°-1350°C the shrinkage began decreasing and at 1450°-
1500°C it virtually stopped. The specimen made from the propane-metal 
reaction began to shrink linearly at 950°C; at approximately 1150°C the 
shrinkage abruptly increased and continued at an almost linear rate to 
1600°C which was the termination temperature . 

In each of the shrinkage runs for specimens of precipitated ca r ­
bide there was a marked evolution of gas beginning at approximately 950 -
1000°C. The pressure increased from less than 5 x 10~^ mm to grea ter than 
5 X 10"^ mm at 1200°-1250°C, Above this temperature the p r e s su re fell off. 
The specimen made from the gas-metal reaction also evolved gas through 
this temperature range but the gas evolution was not nearly so large as with 
the other specimens. 

These data indicate that shrinkage and the accompanying reactions 
involving oxygen start at temperatures much lower than originally had been 
thought. Sintering schedules will have to be designed for these carbides with 
a slow rate of temperature r ise through this temperature range, even if ca r ­
bides are produced by the precipitation technique which have considerably 
lower free carbon and oxygen contents. 

The abrupt change in shrinkage rate which occurs at about 1150°C 
with the specimen of gas-metal reacted material evidently accompanied the 
melting of uranium metal. Metallographic examination of this specimen, 
alter the shrinkage run, revealed the presence of uranium metal which had 
migrated to the surface of the speciinen. 

Chemical analyses are being done on carbide samples heated to 
various temperatures in an effort to determine exactly what reactions are 
taking place through this temperature range. When the equipment is avail­
able, thermogravlmetr ic determinations will be made for some of these 
carbides over the same temperature range. 
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b. Uranium Phosphide - The objective of this study is to charac­
ter ize the various compounds in the U-P system and evaluate them as pos­
sible reactor fuel mater ia l s . 

Work to date has consisted of preparing experimental quantities 
of uranium phosphides by direct reaction of the elements. While synthesis 
by gas reaction is also feasible, reaction of the elements was thought to 
offer several advantages. Other methods of producing uranium phosphides 
will be examined in the future. 

Various proportions of the t̂ vo elements were mixed and pellet-
ized. Use of finely divided uranium metal, reduced by hydriding, neces­
sitated performing all the operations in a glovebox containing an inert 
atmosphere. Samples were fired in a quartz tube having a low part ial 
p ressu re of helium. A thermocouple was mounted against the bottom of the 
molybdenum crucible to indicate the beginning of the reaction. The reaction 
was strongly exothermic and began in the range 300°-400°C, depending on 
the U/P ratio of the starting mixture. Temperatures estimated to be as 
high as 1500°C were reached in fractions of a second, falling off as sharply 
to the furnace ambient temperature. A yellow modification of phosphorus 
condensed on the tube in all runs. X-ray analysis revealed the following 
phases to exist (in decreasing order of abundance): 

Results of Uranium Phosphide Synthesis Experiments 

Phases Present 

UP2, U3P4, UP and UO2 

U3P4, UP, UP2 and pUOj 

UP, jSUOa and U3P4 

The mater ia l from Run No. 3 was predominantly UP, containing 
less than 5% of other phases. It has metallic luster and prel iminary data 
show it to have a melting point above 2460°C. The presence of UOj in all 
of the samples may have been a result of the grade of phosphorus used. A 
higher purity red phosphorus has been obtained and will be used in future 
experiments. Larger quantities of the three compounds will be produced 
for the purpose of determining some of their proper t ies . 

3. Fabrication Development 

a. Fabrication of Zirconium Alloy Tubing - The program objective 
is to develop methods of fabricating high quality tubing in size ranges not 
commercial ly available. Work to date has been limited to development of 
techniques for fabrication of tubing smaller than-j- in. O.D. 

Run No. 

1 

2 

3 

Starting Mixture 

U:4P 

U:2P 

U:P 
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Investigation of the copper plating procedure reported in June 
is continuing. The versatility and dependability of this procedure is being 
studied to prevent die seizing when Zircaloy-2 tubing is drawn through 
carbide dies. 

b. Fuel Fabrication Facility - Installation of the Extrusion P r e s s -
A gloveboxed, 600-ton, direct-indirect horizontal extrusion p r e s s , a detwist-
ing stretcher straightener and auxiliary equipment are being installed 
in Building 350. Because of the large size of the equipment, it was neces­
sary to cut an opening through the east wall to move it into the area . Activ­
ities have of necessity been curtailed in the building and as a resul t 
necessary maintenance and overhauling of equipment is being accomplished. 

4. Irradiation Studies 

a. Postirradiation Examination of Blister Area in a CP-5 Fuel 
Element - Late in 1961 a defect developed in one of the CP-5 fuel elements. 
The elements are made of concentric tubes of AI- 17.5 w/o U-2 w/o Ni alloy clad 
with X8001 aluminum alloy. The first indication was abnormally high fis­
sion product activity in the helium cover gas system. The defective element 
was subsequently identified by sampling the gas over each element as it was 
isolated in a storage hole. 

After approximately a five month cooling-off period, the sub­
assembly was examined and a circular ring of white scale with a dark a rea 
in the center was found on the O.D. of the inner tube while a bl is ter directly 
opposite this white area appeared on the I.D. of the same tube. The tube was 
then subjected to'sectioning operations in order to examine these a reas more 
closely. 

m i c i 

The size of the blister area as determined with a metal lurgical 
:roscope was approximately-| in. and 1 in. at its smallest and largest 

dimension respectively. An examination of this same area revealed that 
water had penetrated through the cladding and reacted with the fuel, resul t ­
ing in an oxide core. The only remaining portions of fuel were attached to 
the outer edges of the cladding and no reaction layer was evident on the 
core surface. The core appeared to have been stripped from the cladding 
in the remainder of the sample and there was no evidence of a high temper­
ature reaction on the clad, indicating that corrosion rather than melting was 
the cause of core removal. 

The absence of any abnormal attack on the outer surface of the 
claddmg at areas immediately adjacent to the defect and the rounded appear­
ance of the cladding inside the blister area, compared to the relatively level 
condition of the cladding directly opposite, suggests that the reaction was 
proceeding outward to ultimate failure. Since no swelling or corrosive 
effects could be found in the white circular area immediately opposite the 
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b l i s t e r , it i s p r o b a b l e tha t th i s i s not a defect but, r a t h e r , a m a n i f e s t a t i o n 
of the h igh hea t flux tha t would r e s u l t f r o m p r e s e n c e of the b l i s t e r on the 
oppos i t e s i de . 

The a b s e n c e of any a b n o r m a l c o r r o s i o n e l i m i n a t e s th i s f ac to r 
a s a s ign i f i can t c o n t r i b u t o r to the f a i l u r e . The d e c r e a s e d t h i c k n e s s of the 
c ladding a t the b l i s t e r i n d i c a t e s that a hot spot migh t have deve loped f r o m 
i n c r e a s e d c o n c e n t r a t i o n of fuel at tha t point , but it i s m o r e l ike ly that th i s 
i s a d i r e c t r e s u l t of the i n n e r c o r e r e a c t i o n . T h e r e was a p p a r e n t l y no ef­
fect upon the swel l ing r e l a t e d to any a b n o r m a l i t y in the s t r u c t u r e of the 
fuel, a s ev idenced by an examina t i on of the c o r e next to the b l i s t e r and n e a r 
the top of the tube . 

The r e s u l t s of the examina t i on did not r e v e a l by which m e c h a ­
n i s m the b l i s t e r o c c u r r e d b e c a u s e the c a t a s t r o p h i c n a t u r e of the inc iden t 
e r a s e d a l l v e s t i g e s of c o n t r i b u t o r s to the f a i l u r e . It could be s p e c u l a t e d 
tha t the f a i l u r e w a s c a u s e d by e i t he r a point defect on the c ladding which 
a l lowed w a t e r to p e n e t r a t e into the c o r e with a subsequen t w a t e r r e a c t i o n 
fol lowed by swe l l ing , or by s o m e i n t e r n a l defect such a s d e c r e a s e d c ladding 
t h i c k n e s s o r i n c r e a s e d fuel c o n c e n t r a t i o n which r e s u l t e d in a hot spot , sof­
tening of the m a t r i x , b l i s t e r i n g , p e n e t r a t i o n of the c ladding at the w e a k e s t 
point and an ensu ing w a t e r - f u e l r e a c t i o n . 

b. P o s t i r r a d i a t i o n Anneal ing of T h o r i u m - U r a n i u m Al loys - The 
p o s t i r r a d i a t i o n annea l ing e x p e r i m e n t s on t h o r i u m - u r a n i u m a l loys d e s c r i b e d 
in A N L - 6 5 8 0 ( P r o g r e s s R e p o r t for June 1962) have been cont inued to h ighe r 
t e m p e r a t u r e s . The in fo rma t ion obta ined to date is s u m m a r i z e d in Table VIII. 

T a b l e m r . Cumulative Volume Increase in Irradiated Thorium-Uranium 
Alloy Specimens after Annealing for 100 Hours 

Specimen Composition, Total Atom Annealing % A V 
Mo w/o Burnup, a<o Temp., °C ato B u n 

Specimen 
No. 

ANL-4M-3 

Composition, 
w/o 

Th-20 U 

Total Atom 
Burnup, a/o 

4.5 

Annealing 
Temp., OC 

550 

alo Burnup 

0.2 

7S0 
775 

•The volume change is based on the assumption of no weight change and was calculated from the expression % A V . ( V - ) - i ^ ™ 
init ial and f inal densities r e s n p ' * " - ' " 

where Pi and / ) ) are the 

None of the s p e c i m e n s have begun to swel l c a t a s t r o p h i c a l l y , 
even a f te r 100 h o u r s at the h ighes t annea l ing t e m p e r a t u r e of 775°C. T h e s e 
r e s u l t s c o n f i r m the i r r a d i a t i o n e x p e r i m e n t s , which showed no p r o n o u n c e d 
swel l ing dur ing i r r a d i a t i o n u n d e r t e m p e r a t u r e s that r a n g e d up to 770°C. 
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The annealing experiments have been temporar i ly discontinued 
after the anneal at 775°C. The ends of the specimens are being metal lograph-
ically polished in order that replicas may be taken for optical and electron 
microscopy. During this interval the annealing apparatus will be modified 
in order to monitor the release of krypton-85 from the specimens. 

5. Proper t ies of the Thorium-Uranium-Plutonium System 

As part of the study of the thorium-uranium-plutonium system a 
ser ies of density measurements of binary, a rc -cas t , nonequilibrium 
thorium-uranium alloys has been made. The measurements were made in 
a glovebox in preparation for subsequent measurements on binary plutonium 
alloys. Density measurements on plutonium alloys have been made in the 
past to an accuracy of about plus and minus three par ts in one thousand. 
On the other hand, density measurements made at the National Bureau of 
Standards on nonradioactive materials are reported with an accuracy of 
plus and minus one part in 100,000 for mater ia ls like stainless steel with 
a density of about 7.9 and with an accuracy of one part in 10,000 for a 
material like platinuna with a density of about 21.5. The difference is due 
to the circumstances and conditions under which all measurements in glove-
boxes are made and is typical of the problems that a r i se when data on 
plutonium alloys is to be obtained. Density determinations in gloveboxes 
have been made to an accuracy of about plus and minus three par ts in 10,000. 

Hydrostatic weighing methods and a buoyancy method, using mono-
bromobenzene as a liquid have been employed. Corrections were applied 
for buoyancy effects, density changes of the monobromobenzene with t ime, 
pressure fluctuations and temperature variations in the glovebox and liquid. 
Dry nitrogen atmosphere was used in the glovebox instead of air . 

The results of the measurements of a ser ies of a rc melted thorium-
uranium alloys are shown in Table IX. A plot of the specific volume vs 
composition in weight percent, Figure 5, gives the straight line relationship 
which is expected from binary two phase alloys. Since the solubility of 
thorium in uranium is small, the point for the density of pure uranium falls 
onto the straight line. This is not the case on the thorium side where the 
phase diagram indicates that up to 10.5 a/o or 10.7 w/o of uranium are 
soluble in solid thorium at 1265°C. The solubility decreases to less than 
0.7% at room temperature. Since we know from X-ray diffraction studies 
the effect of uranium alloying additions to thorium on its lattice pa ramete r , 
we can deduce from a large scale plot. Figure 6 that under the nonequilibrium 
cooling conditions prevalent in our arc melted buttons about 1.4% uranium 
are retained in solid solution. 
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Table IX. Density of Arc Melted Thor ium-Uranium Alloys 

Number 

B75I 

B752 

B753 

B754 

B755 

B756 

B760 

Alloy (Nom %) 

T h 

100 

90 

80 

70 

60 

50 

0 

U 

-

10 

20 

30 

40 

50 

100 

Density 
g / c m ' at 25°C 

11.6793 
11.6763 

12.1130 
12,1120 

12,6039 
12.6082 

13,1550 
13,1629 

13,7620 
13,7643 

14,4390 
14.4367 

19.0003 
19.0157 

Mean 
Density 
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6. Nondestructive Testing 

a. Ultrasonic Techniques 

(1) A Study of the j3 to a Transformation in Pu - Work has con­
tinued on the project begun in June to measure velocity and attenuation in 
plutonium. Various combinations of crystals and various electr ical pa ram­
eters have been tried to obtain a good signal in a highly attenuating specimen 
using uranium in place of plutonium. The proper experimental setup has 
been worked out for the uranium specimen, the subsequent stage being the 
actual measurement of sound velocity and attenuation on a plutonium spec­
imen in a glovebox alloted for this purpose. 

A plutonium specimen- | in. in diameter and— in. thick is 
being prepared for this experiment. Twenty mc ultrasonic energy will be 
used for the time delay measurements . Further improvements in the method 
of generation and detection of the sound undoubtedly will be made but the 
present equipment seems to be adequate for the purposes of the experiment. 

(2) Imaging Studies - An ultrasonic imaging technique employing 
an ultraviolet excited phosphor whose luminescence is quenched by ultrasonic 
radiation has been briefly studied. This technique appears to be appreciably 
less sensitive than photographic methods because it was necessary to use 
lenses to concentrate the ultrasonic energy in order to obtain sufficient 
intensity for detection. A threshold sensitivity in the order of 5 to 10 w a t t s / 
cm appeared necessary. 

The use of photographic paper exposed to ultrasound in a 
developer solution has also been studied. The action of the ul trasonic radi ­
ation is to accelerate the development of the paper. Although the threshold 
sensitivity of this technique seems to be in the same order of magnitude as 
that of other photographic methods, it is much faster than the other film 
techniques being used. Exposure times in the order of 20 to 30 seconds a re 
common for the photographic paper technique as opposed to 5 to 10 minutes 
for the photographic film method. Further studies of this imaging technique 
employing metal test objects are now in progress . 

The inspection facility employing the continuously pumped, 
electromcally scanned ultrasonic pickup tube at Northwestern Universitv 
has been modified so that test objects can be inserted into the ul trasonic 
beam m an easier manner. Initial observations indicate that 3 to 5% thick­
ness variations m 1 in. aluminum can be detected by visual observation of 
the kinescope presentation. Further studies with other test objects a re now 
m progress . -̂  

, , , , ^"^"^P'f t° se^l quartz piezoelectric windows on glass 
tubes for use m a sealed-off ultrasonic pickup tube are now under wa j 
Although no completely satisfactory seals have been made as yet, p a r L l 
successes with soldering techniques have beei 
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b. Lamb Waves - The last ser ies of tests comparing Lamb Waves 
and shear waves in small diameter thin-walled tubing were completed and 
analyzed, (ANL-6516 Annual Report for 1961). These investigations were 
concerned with I.D. t ransverse and longitudinal simulated cracks in 1100 AI 
tubing having an O.D. of 0.5 in. and a wall thickness of 0.032 in. Simulated 
t ransverse cracks were made on the I.D. wall by means of a special device 
which fits into the tube. These defects subtend a central angle of 60°. 

It was found that with longitudinal flaws, a defect signal was r e ­
ceived not only at a Lamb or a shear wave angle of incidence but at any angle 
of incidence; the amplitude of the signal was constant. The position of the 
t ransducer is such that sound does not enter at d, the thickness of tube wall, 
but ra ther at some value of thickness larger than d. This difference in d is 
a function of the angle of incidence. This factor coupled with the beam spread 
of the unmasked transducer gives a range of fd products and the angles of 
incidence at one position of the transducer. As a result there is more than 
one type of wave motion in the tube at a given angle of incidence, and there 
is propagation regardless of angle of incidence. Power limitations of the 
reflectoscope used did not permit masking and coUimating the beam; this 
might eliminate this problem entirely. 

For I.D. t ransverse defects, it was found that, in general, defects 
less than 0.001 in. in depth were located using Lamb waves but could not be 
located with shear. Defects greater than 0.001 in. were readily and easily 
located by both methods. 

c. Neutron Techniques - The neutron beam facility at JUGGERNAUT 
reactor is no'w in operation. The neutron intensity at the reactor face is in 
the order of 10^ n/cm^-sec at a reactor power level of 200 KW. The beam is 
confined to about a 2-1-in. x 4 in. rectangular area and is reasonably uniform 
in intensity within this area . The gamma intensity in the beam is low enough 
to permit the use of direct exposure techniques. 

The construction of a concrete block shielding wall eliminated 
much of the high radiation background initially encountered, and permitted 
the beam catcher to be moved away from the reactor wall. This permits 
more flexibility in the exposure arrangements . Further improvements now 
in use include the operation of a fission counter as a beam monitor and the 
installation of a remote shutter operation control. 

The beam is presently being used to evaluate the potential use­
fulness of several transfer exposure techniques which could not be used with 
the lower neutron intensity available at the radiographic facility in the CP-5 
reactor . Additional data a re also being taken to compare the relative photo­
graphic speeds of several techniques in the two different neutron beams. 
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C. Hea t E n g i n e e r i n g and F l u i d F low 

1. A x i s y m m e t r i c F r e e Convect ion Hea t T r a n s f e r Study 

The a x i s y m m e t r i c l a m i n a r f r ee convec t ion h e a t t r a n s f e r s tudy of a 
l iquid m e t a l flowing along a thin v e r t i c a l c y l i n d e r h a s been r e p o r t e d in 
ANL-6473 ( P r o g r e s s R e p o r t for N o v e m b e r , 1961). The K a r m a n - P o h l h a u s e n 
i n t e g r a l me thod for the solut ion of the b o u n d a r y l a y e r e q u a t i o n s h a s b e e n 
used . It was concluded at that t i m e that the i n t e g r a l m e t h o d w a s not r e ­
l iab le for s m a l l va lues of the p a r a m e t e r 

x / ro Gr 1/4 

w h e r e x is the ax ia l d i s t ance along the pin, TQ i s i t s r a d i u s , and Gr^^ i s the 
Grashof n u m b e r b a s e d on x a s the c h a r a c t e r i s t i c d i m e n s i o n . The a n a l y s i s 
has been extended to obtain m o r e r e l i a b l e hea t t r a n s f e r r e s u l t s for s m a l l 
va lues of the p a r a m e t e r 4. To th i s end, the p e r t u r b a t i o n t e c h n i q u e i s be ing 
employed to obtain the solut ion of the bounda ry l a y e r e q u a t i o n s . 

2. F a s t R e a c t o r Tes t F a c i l i t y Hea t T r a n s f e r 

The t h e r m a l conduct iv i ty of powder fuels c a l c u l a t e d by the m e t h o d 
of Kunii and Smith^ ind ica te s that p a r t i c l e s i z e s on the o r d e r of 0.02 c m 
and s m a l l e r a r e r e q u i r e d to m i n i m i z e the con t r i bu t ion due to t h e r m a l r a d i ­
a t ion. However , it was found that th i s m e t h o d y i e ld s r e s u l t s wh ich a r e not 
in good a g r e e m e n t with m u c h of the da ta ex i s t ing on p o w d e r s in th i s s i z e 
r a n g e . Although the d i s c r e p a n c i e s m a y be a c c o u n t e d for by the fact t ha t 
m o s t of the data was b a s e d on b lends of m i x e d p a r t i c l e s i z e s , a m o r e con ­
s i s t en t c o r r e l a t i o n is p r e s e n t e d by Laub i t z .2 T h i s c o r r e l a t i o n i s s u b s t a n ­
t i a t ed v e r y wel l by the Laubi tz data for v a r i o u s c e r a m i c p a r t i c l e s ( m e a n 
d i a m e t e r s f rom 0.01 to 0.04 cm) in a i r to UOO°C, r e a s o n a b l y we l l by s o m e 
NACA data on UOj in a rgon , but c o n s i s t e n t l y o v e r p r e d i c t s o t h e r da t a on 
fine s i l icon ca rb ide powder in a i r and he l i um. 

On the b a s i s of the Laubi tz r e l a t i o n it i s e s t i m a t e d tha t the ef fec ts 
of t h e r m a l r ad ia t ion in UO^ o r UC p o w d e r s wi l l be n e a r l y e l i m i n a t e d for 
p a r t i c l e s i z e s 0.01 c m or s m a l l e r , even at 1200°C. P a r t i c l e s i z e of t h i s 
o r d e r m a y a l s o r e d u c e the "wal l effect" of the fuel tube on conduc t iv i ty to 
a point w h e r e it m a y be ignored . It a l so a p p e a r s tha t the effect of the r e l a ­
t ive ly high conduct ivi ty of UC is s u b s t a n t i a l l y d i m i n i s h e d in the p o w d e r torm, 
and for 0 . 0 1 - c m p a r t i c l e s in a rgon the conduct iv i ty of both UC and UO^ is 
e s t i m a t e d to r a n g e l i n e a r l y f r o m a p p r o x i m a t e l y 0.0024 w/ (cm)( ' 'C) a t 0°C to 
0.0075 w/(cm)(°C) a t 1200°C. Th i s would a l low 60% d e n s e fuel r o d s of 
1.2 c m d i a m e t e r to r e a c h a c e n t r a l t e m p e r a t u r e of 1200°C (with 400' 'C coo l ­
ant) a t a power dens i ty of about 90 k w / l i t e r of fuel, a p o w e r d e n s i t y 6f 
i n t e r e s t to the F A R E T D r i v e r - B u f f e r Concept . 

^ °^'^° Î ™" and J. M. StTiith. -Heat Transfer Charactensncs of Porous Rocks." AiCH.E. Journal 6 No. 1, 71-78 (1960). .. . joiuuai ô , 
M. J. Laubitz, "Thermal Conductivity of Powders," Canadif 
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D. Chemical Separations 

1- Fluidization and Volatility Separations P rocesses 

a- Fluoride Separations - The separation of mixtures of the hexa-
fluorides of uranium and plutonium by thermal decomposition has been 
further tested in several experiments. The uranium concentration of the 
solid plutonium tetrafluoride produced by thermal decomposition of hexa-
fluoride mixtures at 300°C increased with the residence time of the mix­
ture in the vessel . When hexafluoride mixtures containing greater than 
90 percent uranium were circulated through a vessel at 300°C, solid plu­
tonium tetrafluoride was produced with a uranium content varying from 
0.091 to 1.3 percent for residence times of 0.88 and 6.6 minutes, 
respectively. 

Six prel iminary experiments were carr ied out on the thermal 
decomposition of uranium hexafluoride vapor at about 330°C. The initial 
p ressu re of uranium hexafluoride in each experiment was 50 mm at 300°K. 
The reaction time in each case was five hours. All of the experiments were 
carr ied out in the same nickel vessel in which the products of the reaction 
were allowed to accumulate. The integral decomposition rates decreased 
throughout the set of experiments from 0.075 to 0.020 percent of the initial 
uranium hexafluoride consumed per minute. The ratio of moles of residual 
gas produced to moles uranium hexafluoride consumed decreased from 0.61 
to 0.35 during the se r i e s . The decrease in rate may be due to side reactions 
occurring such as uranium hexafluoride reacting with the nickel vessel . 

b. Direct Fluorination of Uranium Dioxide Fuel - A 1-j-in. fluid-
bed apparatus has been built for laboratory studies of the fluorination step 
of the Direct Fluorination P roces s . The apparatus will be used to fluori-
nate pellets of uranium dioxide containing plutonium dioxide and fission 
product element oxides. 

Fluorinations of crushed uranium dioxide pellets with and with­
out the presence (for heat removal) of an Alundum bed were made. A study 
was made of the reaction rate for uranium dioxide pellet fragments of sizes 
—-in. and larger and for beds containing crushed pellets and fines. As ex­
pected, the presence of fines in the crushed pellet charge material ly in­
creased the reaction ra tes . Declad pellets would probably consist of 
fragments and fines rather than whole pellets. Because of the small void 
space in a packed bed consisting of these fragments, fluidization of the in­
er t alundum bed in the in ters t ices would be inhibited and this would make 
good tempera ture control difficult. To overcome this problem, a scheme 
is proposed in which the pellets a re oxidized pr ior to the fluorination step. 
The oxidation of uranium dioxide produces UsOg which is in the form of fines. 
When the uranium oxide is in the form of fines, good fluidization is possible, 
hence a more uniform reaction rate should be obtained. Oxidations of 
crushed pellets were car r ied out with and without an inert bed. The rate of 
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oxidat ion with the p r e s e n c e of an i n e r t bed a t 450°C us ing 20 v o l u m e p e r c e n t 
oxygen in n i t r ogen was found to be f a s t e r by a f ac to r of t h r e e than the f l u o r i ­
nat ion r e a c t i o n and would t h e r e f o r e be a d e q u a t e for p r o c e s s u s e . E l u t r i a t i o n 
of the UjOg fines f rom the Alundum bed was found to be i ndependen t of the 
r a t e of fo rma t ion of UjOg. When the oxidat ion r e a c t i o n was c a r r i e d out w i t h ­
out the p r e s e n c e of an i n e r t bed, the UjOg f ines f o r m e d w e r e not c a r r i e d out 
of the r e a c t i o n zone but r a t h e r r e m a i n e d a s a c o m p a c t cake . 

A new s e r i e s of pi lot p l a n t - s c a l e r u n s is u n d e r w a y in cont inuing 
s tud ies des igned to op t imize p r o c e s s condi t ions in the d i r e c t f l uo r ina t ion of 
u r a n i u m dioxide pe l le t fuel. In t he se r u n s , add i t ions of p e l l e t s w e r e m a d e 
dur ing the run to keep the pe l l e t bed height c o n s t a n t in o r d e r to e s t a b l i s h 
the effect of o ther p r o c e s s v a r i a b l e s on s t e a d y - s t a t e f l uo r ina t ion b e h a v i o r . 
S t e a d y - s t a t e f luor inat ion is defined for th is p u r p o s e a s an o p e r a t i n g p e r i o d 
of at l e a s t four h o u r s dur ing which ope ra t i ng cond i t i ons , inc lud ing u r a n i u m 
hexaf luor ide p roduc t ion r a t e s and f luor ine e f f i c i enc ie s , r e m a i n c o n s t a n t . 
Continued opera t ion by th is p r o c e d u r e r e s u l t s in a s i ze d i s t r i b u t i o n of r e s i d u e 
p e l l e t s , a condition p robab ly c o m p a r a b l e to having a feed of c r a c k e d and 
broken p e l l e t s . 

In t h r e e runs using 6-in. pe l l e t beds a t 500°C with 10 p e r c e n t 
f luor ine in n i t rogen (no oxygen or r e c y c l e ) , the effect of gas r a t e on u r a n i ­
um hexaf luor ide p roduc t ion r a t e s was m e a s u r e d in s t e a d y - s t a t e p e r i o d s 
for t h r e e total gas ve loc i t i e s of 0.5, 1.0, and 1.35 f t / s e c . In t h e s e r u n s the 
product ion r a t e s i n c r e a s e d with about the- | - power of the gas v e l o c i t i e s . 

Two runs w e r e made to d e t e r m i n e the effect of v a r y i n g oxygen 
contents of the f luor ine feed on f luor ine eff iciency and u r a n i u m hexa f luo r ide 
p roduc t ion (see Table X). Caking t endenc i e s w e r e shown in the 13 p e r c e n t 
oxygen run (Run 60) but not in the 5 p e r c e n t oxygen run (Run 59). F u r t h e r 
r uns a r e planned to define s a t i s f a c t o r y condi t ions of pe l l e t bed he igh t and 
oxygen concen t ra t ion . 

Table X, Resu l t s of Uran ium Dioxide P e l l e t F l u o r i n a t i o n Runs 
Using Oxygen in the F l u o r i n e F e e d Without Recyc le 

Alundum Bed Height :a 24 inches 
P e l l e t Bed Height: 6 inches 
T e m p e r a t u r e : 500°C 
F lu id iza t ion Veloci ty :^ 1 f t / s e c 

No. 

59 
60 

Dura t ion 
(hr) 

5 
2 

Fz 

20 
15 

Inlet Gas 
Composi t ion 

Oz 

5 
13 

(%) 

Nz 

75 
72 

F l u o r i n e 
Efficiency*-

(%) 

53.5 
75,6 

U F t 
Production Rate 
[lb/(hr)(sq ft)] 

37.2 
40,2 

^Based on empty column. 

°At operating conditions. 

*=Fluorine efficiency informing uranium hexafluoride. 
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Supporting studies in mock-up systems are planned to examine 
some of the effects of uranium oxide fines in fluidized-packed bed systems. 

c. Plutonium Pilot Plant Facility - Work on the installation of the 
plutonium pilot plant facility is proceeding. Final correct ions of work on 
the "phase one" room modification contract are being completed. P repa ra ­
tions for installation of completed items of process equipment (including 
the fluorinator) are being made. The "phase two" contract for service in­
stallations which involves almost all construction work except that done 
inside the boxes is being prepared by Plant Engineering. Current Critical 
Path Analysis indicates a final completion date in the middle of 1963. 

d. Separation of Uranium from Zirconium Alloy Fuels 

(1) Studies of Chlorination and Fluorination Steps with Down-
Flow Fixed-Bed F i l t e r s - Current work on the two-step chlorination-
fluorination scheme for reprocessing uranium-zirconium alloy in the 
l-^--inch-diameter fluid-bed column is concerned with further study of 
the effect of the use of phosgene in the chlorination step on overall u ra ­
nium behavior in the system. Phosgene was fed with hydrogen chloride 
in a 1:4 ratio during the 5-hr initial reaction period (chlorination) and 
then used alone for an additional period of 3 hr prior to fluorination. All 
of the reactions were conducted at 400°C, For a ser ies of runs conducted 
(atypically) without the static-bed filter in place but using the empty filter 
section (also maintained at 400°C) as a "settling" chamber, resul ts indi­
cate that uranium losses , as detected by the uranium concentration in the 
zirconium tetrachloride condenser, were significantly higher with the in­
troduction of phosgene as a chlorinating agent. Typical data showed a 
loss of 0.83 weight percent of the original uranium charge when hydrogen 
chloride alone was used whereas losses increased to 14 weight percent 
when phosgene was used after hydrogen chloride and increased further to 
44 weight percent when a mixture of hydrogen chloride and phosgene was 
used followed by an off-gas phosgene treatment. Results also showed that 
losses to the off-gas water scrubber (a packed unit down-stream of the 
zirconium tetrachloride condenser) increased with increased duration of 
the hydrochlorination period indicating this reaction period should be 
minimized. 

Investigation of the causes for halogen ignitions encountered 
upon venting the uranium hexafluoride cold t raps after the fluorination steps 
prepara tory to hydrolyzing is continuing (see Progress Report, June 1962, 
ANL-6580, page 44). Pre l iminary data from infra-red analysis of vapor 
samples taken from the cold t raps at -80°C, 0°C, and at room tempera ture 
show the presence of chlorine trifluoride which could be a contributing 
factor to the ignitions. Revised t rap purging and handling techniques are 
being instituted, also pret reatment with hydrogen fluoride will be used to 
expel the major portion of chlorine before fluorination and thus minimize 
the possibility of forming mixed halogens. 
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(2) F l u i d - B e d H y d r o l y s i s of Z i r c o n i u m T e t r a c h l o r i d e - F l u i d -
bed h y d r o l y s i s s tud ies of the c o n v e r s i o n of z i r c o n i u m t e t r a c h l o r i d e to the 
dioxide by r e a c t i o n with s t e a m w e r e con t inued in the 6 - i nch d i a m e t e r 
c o l u m n (see P r o g r e s s R e p o r t , May 1962, A N L - 6 5 7 3 , page 39). The effect 
of p r o c e s s v a r i a b l e s is c u r r e n t l y being m e a s u r e d by the quan t i ty of fine 
m a t e r i a l (-200 m e s h ) p r o d u c e d dur ing a run a s o p p o s e d to the f r a c t i o n r e ­
m a i n i n g in the bed p a r t i c l e s as an a d h e r e n t coa t ing . A b a s e - l i n e a t t r i t i o n 
r u n on a z i r c o n i u m o x i d e - c o a t e d a l u m i n u m oxide bed showed t h a t about 
5 p e r c e n t of -200 m e s h imater ia l was p r o d u c e d in a 6 - h r p e r i o d at 350°C 
with no t e t r a c h l o r i d e feed and 2.5 scfm f lu id iz ing gas r a t e . The quan t i t y of 
f ines found in the final beds in o the r r u n s which i n v e s t i g a t e d bed t e m p e r a ­
t u r e (250 to 350°C), s t e a m e x c e s s (2.1 to 5.3 t i m e s the s t o i c h i o m e t r i c r e ­
q u i r e m e n t ) and z i r c o n i u m t e t r a c h l o r i d e feed r a t e (1.8 to 3.3 k g / h r ) w a s 
found to be affected only by h ighe r feed r a t e s in tha t h i g h e r r a t e s r e s u l t e d 
in g r e a t e r f ines p roduc t ion (the m a x i m u m va lue at 3.3 k g / h r feed r a t e w a s 
15.9 p e r c e n t of -200 m e s h m a t e r i a l for a 3 -h r r u n u s i n g f r e s h AI2O3 fluid 
bed) . Sa t i s f ac to ry o p e r a t i o n (no p r e s s u r e bu i ldups) of the uni t p r e v a i l e d 
with the cont inued u s e of high f i l te r b lowback a i r p r e s s u r e (80 p s i g a s 
c o m p a r e d to 30 ps ig u s e d p r e v i o u s l y ) . 

2. C h e m i c a l M e t a l l u r g i c a l P r o c e s s S tudies 

a. C h e m i s t r y of Liquid M e t a l s - T h e r m a l a n a l y s i s of 7,4 and 
60 a tom p e r c e n t t a n t a l u m - z i n c a l loys gave t h e r m a l a r r e s t s at about 600, 
670, and 760°C, The z i n c - t a n t a l u m s y s t e m a p p a r e n t l y c o n s i s t s of at l e a s t 
five i n t e r m e t a l l i c p h a s e s which d e c o m p o s e p e r i t e c t i c a l l y . The r e s u l t s of 
an X - r a y examina t ion of z i n c - t a n t a l u m c o m p a c t s hav ing a wide r a n g e of 
zinc to t a n t a l u m a tom r a t i o s a l so ind ica te the e x i s t e n c e of at l e a s t five z i n c -
t a n t a l u m i n t e r m e t a l l i c compounds . 

An e x p e r i m e n t was p e r f o r m e d to e s t a b l i s h the s t o i c h i o m e t r y 
of the z i r c o n i u m - i r o n p r e c i p i t a t e which is f o r m e d when i r o n i s added to a 
solut ion of z i r c o n i u m in l iquid z m c , It was found tha t the p r e c i p i t a t e con ­
t a i n s a p p r o x i m a t e l y two a t o m s of i r on to one a tom of z i r c o n i u m , a l though 
the da ta do not indica te whe the r or not the p r e c i p i t a t e a l s o c o n t a i n s z inc 
It was found that z i r c o n i u m is quan t i t a t ive ly r e m o v e d f r o m l iqu id z inc by 
the addi t ion of i ron . 

The solubi l i ty of z i r c o n i u m in l iquid m a g n e s i u m - z i n c so lu t ions 
of nomina l 20 and 30 weight p e r c e n t m a g n e s i u m con ten t h a s b e e n m e a s u r e d 
a s a ft^nction of t e m p e r a t u r e In 20 weight p e r c e n t m a g n e s i u m - z i n c so lu t ion , 
the - I f ^ 1 7 v a " e - f rom 1,6 to 0.02 weight p e r c e n t z i r c o n i u m at t e m p e r a ­
t u r e s of 758 to 584°C while m a 30 weight p e r c e n t m a g n e s i u m - z i n c s o L t i o n 

^ 6 1 ° " to%82=^ Th " ' ^ ' ' ' " " " ' ^ ^ ^^^^""^^^"^ ^' t e m p e r a t u r e s of 
764 C to 482 C. T h e s e va lue s m a y be c o m p a r e d with the v a l u e s of 
4 2 2 ° c " m So '^we^b ^ ^ ^ ^ ° " ^ ^ " ^ ^' ^°9°C and 0.02 we igh t p e r c e n t at 
422 C m 50 weigh p e r c e n t m a g n e s i u m - z m c so lu t ion which w e r e r e p o r t e d 
m P r o g r e s s R e p o r t tor F e b r u a r y , 1962, A N L - 6 5 2 5 . page 48, The e x i s t e n c e 
of s e v e r a l e q u i l i b r i a i n t e r m e t a l l i c p h a s e s i s i n d i c a t e d 
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Metallographic examination of zinc-magnesium-uranium alloys 
has revealed the existence of a te rnary solid phase, A sample of this new 
phase has been isolated for chemical analysis. 

The magnetic susceptibility of two additional samples of UCdn 
was measured over the temperature range 2.3°K to 296,2°K (see P rogress 
Report for March 1961, ANL-6343, page 76 for prel iminary data). The new 
data show Curie-Weiss behavior [X = c/(T - A)] with C = 1.778 and 
A = 41.2 K from 4.2''K to room temperature . The Bohr magneton number 
for the uranium is calculated to be 3.78. The magnetic data may be inter­
preted on the basis of an 5f̂  (̂ H4) configuration for uranium in the compound. 
A comparison of measured resul ts with theoretical equations indicates that 
the uranium atoms are perturbed by a crystalline field of cubic symmetry. 
The overall splitting of the ^H4 multiplet caused by this perturbation is 
approximately 221 cm" ' . The new data on the magnetic succeptibility of 
UCdii is considered to be more reliable than the previously reported data. 

Experiments with a new effusion cell with small orifice area 
have shown the following intermediate phases in the praseodymium-zinc 
system: P r Z n u , Pr^Znj, , PrZn4,3, PrZn3.5, PrZuj , and PrZn. The use of 
the new cell resolved the two solubility ranges PrZn3.4_5.4 and PrZn4.9_7.4 
reported previously (see P rogress Report for August 1961, ANL-6409, 
page 57) into the line compounds PrZn4,3 and PrZn3.5. These resul ts are 
in good agreement with X-ray data. 

b. Metal Distillation Studies - The induction coil for the la rge-
scale cadmium distillation unit was p lasma-arc sprayed with aluminum 
oxide to increase its emissivity and thereby allow higher power inputs 
without overheating of the induction coil. For the aluminum oxide-coated 
coil, power inputs of 30 and 35 kilowatts were obtained in two runs, as 
compared with 1 8 to 22 kilowatts for the uncoated coil. The higher power 
inputs gave cadmium evaporation rates of 69.5 and 86.5 kilograms per 
hour, as compared with evaporation ra tes of 25 to 43 kilograms per hour 
for the induction coil when its surface was not oxidized. 

c. Calorimetry - A second ser ies of combustions of aluminum in 
fluorine has been coimpleted. The prel iminary value for the heat of forma­
tion of aluminum fluoride, -359 kcal /mole, agrees reasonably well with the 
l i te ra ture value of -357 kcal /mole . 

Techniques for the combustion of niobium and tantalum in 
fluorine have been developed, and samples for the calor imetr ic experi­
ments are being prepared. 
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3. General Chemistry and Chemical Engineering 

a. Conversion of Uranium Hexafluoride to Uranium Dioxide 

(1) Simultaneous Reaction Studies: Prepara t ion of High-
Density Part ic les - Development studies continued on a fluid-bed method 
for preparing high density, spheroidal uranium dioxide par t ic les directly 
from uranium hexafluoride. The scheme involves simultaneous reaction 
of steam and hydrogen with the hexafluoride. By using higher t empera tu res , 
700°C as compared to 650°C, a further increase in part icle density to 
9-7 g/cc, (88.5 percent of theoretical density) from a previous high of 
9.5 g/cc has been achieved. 

(2) Fluid-Bed Calcination Studies in Small-Diameter Columns 
These studies have been discontinued in favor of other studies of a more 
general interest. 
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IV. PLUTONIUM RECYCLE 

Plutonium Recycle Study - To obtain approximate values of the 
plutonium feed enrichment necessary to maintain an EBWR type reactor 
cr i t ical for various degrees of burnup, several CYCLE problems were run 
assuming a uniform linear mode of operation and utilizing three group cross 
sections from a previous EBWR Core 2 analysis . The necessary feed en­
richment varied from 2.2% to 6.8% depending upon the reactor power and 
the specified fuel burnup. Enrichments in this range can be obtained in 
fast reactor blanket e lements . 

These calculations will be repeated using a 4-group cross section 
set obtained by use of the MUFT and SOFOCATE codes. The break points 
between groups are at 0.183 Mev, 1.44 ev, and 0.625 ev. An analysis of the 
MTR plutonium loaded core using cross sections obtained from MUFT-
SOFOCATE resul ts in a calculated excess reactivity 2% less than the ex­
perimental value. To produce agreement it is necessary to increase the 
fission c ross section of Pu^^' obtained from SOFOCATE by 3%; such an in­
crease is appropriate and is confirmed by other studies (CEND-146). 

For a typical system (Vj^o/^UO, ~ •'• ^Zr/"^UO ~ 0.24; rod 
diameter = 1.27 cm), the range of variation of group cross sections for the 
various mater ia l s has been determined for a wide range of Pu and Pu 
enrichments (l.5%^7.0% Pu^^'; 0.1^1.0% Pu^^°). The microscopic c ross 
sections of U^ and Pu were approximately constant over the entire 
range, but a'^ varied considerably in groups 2 and 3 as did the transfer 
c ross section, 23_^ andS^j. in group 3 for the homogenized mate r ia l . 



V, ADVANCED SYSTEMS RESEARCH AND DEVELOPMENT 

A. Argonne Advanced Research Reactor ( A A R R ) 

1. Facility Design 

The final report by the United Nuclear Corporation on its Pre l iminary 
Feasibility and Cost Study on AARR, UNC-5024, has been received. The r e ­
port presents the current designofthe AARR facility by means of drawings 
and accompanying description mater ia l . A detailed construction schedule 
shows that if Title I design is initiated in November, 1962, normal full-power 
operation of the plant can be achieved in August, 1966. A detailed cost e s t i ­
mate is also included. Copies of the report have been forwarded to the AEC, 
together with a revised Schedule 44 Construction Project Data Sheet. 

2. Research and Development 

a. Core Physics Calculations - Analyses show that the use of hafnium 
shields to line the flux trap and surround the core will reduce the peak power 
and keep the power distribution nearly constant with burnup. Unfortunately 
the shields also reduce the peak thermal flux and reactivity severely; thus 
it appears that such shields will be useful largely for reduction of local peaks 
at corners . Graded fuel concentration will have to be used for the over-al l 
power peak reduction. 

An analysis of the response to reactivity excursions shows that 
at ramp rates up to 10 cents per second incipient boiling does not take place 
until at least three seconds have elapsed; this is ample t ime for the control 
system to respond. The reactor period under these conditions is of the 
order of 10 sec, so that indication of an excursion would be most reliably 
obtained from hot channel exit temperature indicators or flux level monitor s. 

b- Critical Experiment - Because of budget res t r i c t ions , a decision 
has been made to delay ordering of fuel for the AARR cr i t ical experiment 
until the latter half of FY 1963, so that the major portion of the fuel will be 
delivered after the beginning of FY 1964. It is believed that the resulting 
delay in starting experimentation can be made up by a more intensive effort 
during a shorter experimental period, so that the schedule for specifying 
and ordering the first core for the reactor will not be affected. 

The intervening period will be utilized to prepare a cell for the 
experiment, and to develop less expensive fuel elements for the cr i t ical 
experiments. 

, , , ' ' • Core Hydraulic Tests - Hydraulic flow tests were conducted on 
a stainless steel dummy fuel subassembly with no end boxes attached. The 
flow - a s varied from about 23 ft/sec (7 m/sec ) to 43 f t /sec (13 m / s e c ) 

S X S o ' ^ F Ag ' - rT 'p " " ' ' " the coolant temperature ranged from 90°F 
[iZ CJto 210 F(99 C). Pressure drop data and motion pictures were obtained. 
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Analysis of the data indicates that p ressu re drops under such 
flow conditions can be predicted by customary relat ionships; experimental 
and calculated values agreed within + 4%. From the measured data a p r e s ­
sure drop of 80 psi (5.4 atm) was obtained for the subassembly without end 
boxes, in contrast to the 70-psi (4.8 atm) p ressu re loss given in ANL-6451* 
for an aluminum test section. It was est imated that the "keys" used to 
fasten the plates together accounted for ~15% of the total p ressure drop. 

Stroboscopic examination of the stainless steel section under 
flow conditions showed no vibration or detectable deformation of the sub­
assembly during test , in contrast with ear l ie r tests on an aluminum sub­
assembly (see P rogres s Report for December, 1961, ANL-6485). Post- tes t 
measurements showed no permanent deformations. The design appears to 
be adequate, at least under isothermal conditions. 

B. Direct Conversion Studies 

The description of experiments in which heat is converted directly 
to radio frequency power in a plasma diode was previously described in 
ANL-6525 (Progress Report for February, 1962), The diode consisted of 
a tantalum emit ter , a copper collector and guard ring and was filled with 
potassium vapor (plasma) to neutralize the space charge and to provide a 
low work function on the collector and guard r ing. A new ser ies of exper i ­
ments were performed with this apparatus in which cesium vapor was sub­
stituted for the potassium with an emit ter-col lector distance of 2.1 mm. 

Emitter tempera ture , cesium pressure , and the voltage between 
emit ter and collector could be varied. A ser ies of experiments were pe r ­
formed keeping the cesium pressure and emitter temperature constant, 
and varying the applied voltage between the collector and grounded emitter 
from about +5 to -5 volts . The vol tage-current character is t ic curves of the 
cell were t raced by an X-Y recorder . 

The difference between the emitter and collector work functions 
could be determined from the observations made at the knee of the cha rac ­
ter is t ic curve and was found to be between 2.7 to 2.8 volts. Assuming an 
emitter work function of 4.2 volts, this would indicate the work function of 
the collector was 1 .5 volts, which is slightly lower than noted in most 
published r epor t s . 

Additional experiments were performed keeping the cesium pressure 
constant, but increasing the emitter temperature (and current ) . The emitter 
t empera ture was varied from about l600°K to 2400°K. Subsequently the 
cesium p res su re was increased from about 10"^ mm Hg to 10"^ mm Hg and 

I'D. H. Lennox, et aJ., "Status Report on the Argonne Advanced Research 
Reactor ," ANL-6451 (November, 196l). 
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the ser ies of measurements were repeated; r-f oscillations were observed 
and their frequencies, rms voltages and power maxima determined. 

As in the case with the potassium, the r-f frequency decreased with 
decreasing d-c voltage and increased with electron emission (current) . The 
frequency, however, sometimes varied in an i r regular fashion. The shape of 
the waves would vary from nearly sinusoidal to rather complicated fo rms . 
At the higher vapor p ressures , the frequency of the output could not be de te r ­
mined, but an r-f voltage was recorded on the rms vol tmeter . The rat ios of 
the d-c to r-f power maxima did not exceed 12%, considerably l ess than the 
25% ratio observed with the potassium cell . 

Oscillations were also observed when the collector was biased from 
-5 to -10 volts with respect to the emitter , i.e., more negative than the open 
circuit voltage of approximately -3.7 volts. The oscillations appeared to be 
of the order of 300 to 400 kc on which other frequencies between 50 to 70 kc 
were superimposed. 
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VI. NUCLEAR SAFETY 

A. Thermal Reactor Safety Studies 

1- Metal Oxidation and Ignition Studies 

Studies of the oxidation and ignition of plutonium are continuing (see 
P rogres s Report, April 1962, ANL-6565, page 51). Shakedown runs with 
uranium and prel iminary runs with plutonium have been performed in a 
cell on the microscope stage. The strain-gauge pressure measurement of 
the oxygen consumption and the microscopic observation procedures have 
been tested. Previous work has shown that oxidation occurs in two distinct 
stages at 140 and ]85°C. Pre l iminary resul ts from plutonium oxidations at 
oxygen p re s su res of 20, 150, and 740 mm indicate a p ressure dependence 
of the second stage rate at 185°C. The ra tes varied from 8.3 to 21.5 m g / 
(sq cm)(min) at 20 and 740 mm pressu re , respectively. No appreciable 
effect of p ressu re was observed in the first stage. Simultaneous observa­
tion and oxidation measurements are expected to provide some insight as 
to the processes occurr ing. 

2. Metal-Water Reaction Studies 

Studies of the stainless steel-water reaction by the condenser d i s ­
charge method are continuing (see Progress Report, April 1962, ANL-6565, 
page 50). Runs were made with 30- and 60-mil wires in heated water. Runs 
were performed in pairs in which the only variable was the water t empera­
ture : one run in water at 100°C (15 psia) and the other in water at 200°C 
(225 psia). No difference in the resul ts between runs in water at 100°C and 
200 C was found which is in agreement with previous resul ts reported for 
zirconium. Runs in water at 315''C (1500 psia) are planned for the near 
future. 

Somewhat greater reaction occurred in heated water than in similar 
runs in room- tempera ture water. This finding was consistent with previous 
resul ts with zirconium and uranium. The difference between the extent of 
reaction in heated water and in room-tempera ture water, however, was much 
less in the case of stainless steel. The total extent of reaction at very high 
initial metal t empera tures for stainless steel runs (e.g., 40% reaction at an 
initial metal tempera ture of 3500°C, mean particle diameter about 200/l) was 
much less than with zirconium or uranium under similar conditions. These 
two facts indicate that reaction is controlled pr imari ly by a chemical rate 
law at the metal surface even at very high tempera tures . Gaseous diffusion 
of water vapor through the evolving hydrogen appears to be less important 
in the stainless steel case than in the uranium and zirconium case . 

In-pile studies of metal-water reactions in the TREAT facility are 
continuing. Two experiments with zirconium -10.65 weight percent uranium 
alloy plates extended previous data (see P rogress Report, May 1962, 
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A N L - 6 5 7 3 , page 52). A to ta l of five e x p e r i m e n t s have been c o n d u c t e d . At an 
e n e r g y (ca lcu la ted) of 895 c a l / g , 67.2 p e r c e n t of the p la te r e a c t e d . At e n e r ­
g ies be low t h i s , and as high a s 715 c a l / g , the p l a t e s had only r e a c t e d to the 
ex ten t of 11.5 p e r c e n t . 

B . F a s t R e a c t o r Safety S tudies 

1 . E x p e r i m e n t a l Meltdown P r o g r a m 

T r a n s i e n t i n -p i l e e x p e r i m e n t s a r e being p e r f o r m e d in the T R E A T 
r e a c t o r in o r d e r to s tudy the i m p o r t a n t m e c h a n i s m s which p r o d u c e f a i l u r e 
in fas t r e a c t o r fuel e l e m e n t s and g o v e r n the mo t ion of the m e l t d o w n p r o d u c t s . 

a. Meltdown E x p e r i m e n t s on P r e - I r r a d i a t e d E B R - I I E l e m e n t s - The 
t h r e e i r r a d i a t e d E B R - I I M a r k - I fuel e l e m e n t s which had been r e m o t e l y 
a s s e m b l e d in opaque c a p s u l e s (see P r o g r e s s R e p o r t for J u n e , 1962, 
ANL-6580) w e r e run in T R E A T . E q u i p m e n t for u s e in hand l ing the s a m p l e s 
a t T R E A T , and in loading t h e m into the r e a c t o r c o r e w o r k e d s m o o t h l y with 
a m i n i m u m of difficulty. The c a p s u l e s w e r e r e c e i v e d a t A r g o n n e and p r e p ­
a r a t i o n s a r e unde rway to p e r f o r m the p o s t - i r r a d i a t i o n e x a m i n a t i o n . T R E A T 
i r r a d i a t i o n condi t ions for the s a m p l e s w e r e a s fo l lows : 

M a x i m u m S a m p l e 
E s t i m a t e d Burnup R e a c t o r E n e r g y Cladding T e m p e r a t u r e 

^^'•"Ple (at-%) R e l e a s e ( M w - s e c ) R e c o r d e d (°C) 

1 

2 

3 

0.5 

0.5 

0.5 

44 

50 

66 

840 

910 

1120 

Sample burnup is e s t i m a t e d above on the b a s i s of n o m i n a l MTR i r r a d i a t i o n 
cond i t ions , c o r r e c t e d by r e s u l t s of r e l a t i v e g a m m a r a y a c t i v i t y of s a m p l e s . 

, ^- Pho tograph ic Meltdown E x p e r i m e n t s on U r a n i u m Oxide F u e l 
^^II^Ehl - The tour s a m p l e s m S e r i e s XXXII tor s u r v e y i n g f a i l u r e c h a r -
a c t e r i s t i c s of r e f r a c t o r y m e t a l c lad c e r a m i c fas t r e a c t o r fuel ( see P r o g r e s s 
R e p o r t for June , 1962, ANL-6580) w e r e r u n a t T R E A T . Two s a m p l e s have 
been r e c e i v e d at Argonne , but w e r e not e x a m i n e d du r ing the r e p o r t p e r i o d . 
T r a n s i e n t i r r a d i a t i o n condi t ions a r e given in Tab le XI. 

tha t an ^ ^ ' ^ ^ " 1 7 T^^^ ° ' * ' pho tog raphs f r o m the s e r i e s i n d i c a t e s 
tha t an unaccep tab ly l a r g e amount of c louding o c c u r s in the h i g h e r t e m p e r a -

linTng t r ^ r ? ^^•'- ' ^ ^ '^ '^^^ ' ° o v e r h e a t i n g of the h igh r e f l ec t anc^ ' paTn t 
I m ng the t r a n s p a r e n t c a p s u l e . The pa in t i s d e c o m p o s e d in the v i c in i ty 
of the s ample by heat t r a n s f e r r e d f r o m the s a m p l e . ^ 
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Table XI. T r a n s i e n t I r r ad i a t i on Conditions 

Sample 
N o . 

1 

2 

3 

3 

3 

4 

Trans i en t 

1 

2 

3 

4 

5 

6 

CI adding 

Nb 

N b 

T a 

T a 

T a 

T a 

Reac tor Ener 
Re lease 

(Mw-sec) 

150 

164 

85 

142 

2 0 4 

2 8 4 

•gv Maximum Recorded 
Cladding T e m p e r a t u r e 

(°c) 

21 70 

2380 

1215 

1880 

2300 

Thermocouple b roke 
e a r l y in t r a n s i e n t 

2 . Mel tdown E q u i p m e n t Deve lopmen t 

a. L a r g e Sodium Loop - A l a r g e sod ium loop, des igned to be a 
s e m i p e r m a n e n t i n s t a l l a t i o n at T R E A T , is being c o n s t r u c t e d for e x p o s u r e 
of c l u s t e r s of s a m p l e e l e m e n t s in flowing sod ium under full E B R - I I des ign 
flow c o n d i t i o n s . Des ign of s e v e r a l componen t s w e r e c o m p l e t e d . T h e s e i t e m s 
c o n s i s t of plugging i n d i c a t o r , cold t r a p , and f i s s ion p roduc t gas t r a p . P r e s ­
s u r e v e s s e l mod i f i ca t ions w e r e a l so m a d e . 

The power d i s t r i b u t i o n t r a n s f o r m e r s r e q u i r e d to supply power 
to the l a r g e s o d i u m loop h e a t e r s w e r e r e c e i v e d and i n s t a l l e d in the r e a c t o r 
bu i ld ing . Work was cont inued on the i n s t r u m e n t a t i o n and c o n t r o l p a n e l s . 

b . T r a n s p a r e n t F a c i l i t y for Pho tog raphy of E x p e r i m e n t s on P r e -
i r r a d i a t e d S a m p l e s - The des ign of the t r a n s p a r e n t faci l i ty for use in the 
p h o t o g r a p h i c T R E A T e x p e r i m e n t s i s cont inuing on the b a s i s that the i r r a ­
d ia ted s a m p l e will be a s s e m b l e d in i t s r e f r a c t o r y m e t a l inner s u b a s s e m b l y 
and s t ee l o u t e r s u b a s s e m b l y at the DuPage s i te and will be a l so d i s a s s e m b l e d 
h e r e af ter e x p o s u r e in the TREAT r e a c t o r . 

3 . Sodium Vapor P r e s s u r e M e a s u r e m e n t 

Diff icul t ies w e r e e n c o u n t e r e d aga in in the o p e r a t i o n of the sod ium 
vapo r p r e s s u r e e x p e r i m e n t . This t i m e , the e l e c t r i c a l conduct iv i ty dev ice 
for de t ec t ing s o d i u m boi l ing began to give e r r a t i c r e s u l t s as high t e m p e r a ­
t u r e s w e r e a p p r o a c h e d . Consequen t ly , two a l t e r n a t e t e chn iques w e r e i n ­
c o r p o r a t e d into the des ign for de t ec t ion of fluid bo i l ing . The f i r s t i s the 
m o n i t o r i n g of the b r e a k in e l e c t r i c a l cont inui ty be tween t h e r m o c o u p l e wel l 
and c r u c i b l e o c c u r r i n g when the sod ium boi l s away . The second c o n s i s t s 
of r e c o r d i n g the t e m p e r a t u r e of the sod ium in the c r u c i b l e . Uti l iz ing t h e s e 
two o b s e r v a t i o n s , it h a s been p o s s i b l e to see the s i m u l t a n e o u s ending of the 
c o n s t a n t t e m p e r a t u r e boi l ing r a n g e in the " b r e a k " of the e l e c t r i c a l c i r c u i t . 
Us ing th i s t echn ique the p r e s s u r e r a n g e f rom 7.5 to 11 a t m was r e c h e c k e d . 
A h i g h e r m e a s u r e m e n t at 13 a t m was t e r m i n a t e d when a s m a l l hole opened 
in the s ide of the c r u c i b l e p e r m i t t i n g sod ium to l eak out . 
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VII, PUBLICATIONS 

P a p e r s 

R E J E C T I O N O F GAMMA BACKGROUND P U L S E S IN HORNYAK 
BUTTONS 

A. DeVolpi and K. G. P o r g e s 
IRE T r a n s . Nuc lea r Sci._9, No. 3, pp . 3 2 0 - 3 2 6 ( J u n e , 1962) 

E X P E R I M E N T S WITH NEUTRON SCINTILLATORS MADE O F 
LITHIUM FLUORIDE, ZINC S U L F I D E AND L U C I T E 

F . H e l m 
R e v . Sci . I n s t r u m e n t s 2 1 . 687 ( 1 9 6 2 ) ( L ) 

CRITICAL E X P E R I M E N T S R E L A T E D TO BORAX V 
K. E . P l u m l e e 

S y m p o s i u m S u m m a r y for N u c l e a r S u p e r h e a t Mee t ing No . 5, 
TID-7630 , pp . 60-61 (1962) 

ELASTIC AND INELASTIC SCATTERING O F FAST NEUTRONS 
FROM T h " ^ 

A. B. Smith 
P h y s . R e v . j_26, 718 (1962) 

A REDUNDANCY CHECK FOR A L G O L PROGRAMS 
H e n r y C. T h a c h e r , J r . 

C o m m . A s s o c . C o m p . M a c h i n e r y , Vol . 5, pp . 3 3 7 - 3 4 2 
(June, 1962) 

A L G O L 60, AN ALGEBRAIC COMMON LANGUAGE 
H e n r y C, T h a c h e r , J r . 

E D P in Life I n s u r a n c e , P r o c e e d i n g s of the A u t o m a t i o n 
F o r u m Held M a r c h 1 9 - 2 1 , 1962, C h i c a g o , I l l i n o i s ; Life 
Office Managemen t A s s o c i a t i o n , New York , N . Y . , 
pp. 263-265 (1962) 

THERMALIZATION AND DIFFUSION P A R A M E T E R S O F N E U T R O N S 
IN ZIRCONIUM HYDRIDE 

J. W. Meadows and J . F . Whalen 
Nuc lea r Sci . and E n g . n , 230-236 (1962) 

PARTITION OF SOLUTES B E T W E E N LIQUID M E T A L S . I T H E 
ALUMINUM-CADMIUM SYSTEM 

F . A. Ca fa s so , H. M. F e d e r , and I. J o h n s o n 
J . P h y s . C h e m ^ , 1028 ( l962) 



55 

The following papers were presented at the Seminar on Physics of Fast 
and Intermediate Reactors , Vienna, August 3-11, 1961, and have now been 
published in Proceedings, Volume I, 1962 International Atomic Energy 
Agency, Vienna: 

CALCULATION OF FAST-NEUTRON REACTION CROSS-SECTIONS 
P. A. Moldauer, pp. 171 -1 77 

AN ACCURATE TREATMENT OF RESONANCE SCATTERING IN 
LIGHT ELEMENTS IN FAST REACTORS 

H. Hummel and A. Rago, pp. 231 -250 

DESIGN AND CONSTRUCTION OF THE ARGONNE FAST CRITICAL 
FACILITY (ZPR-VI) 

W. Y, Kato and L. R. Dates, pp. 295-312 

INTEGRAL PHYSICS DATA FOR FAST-REACTOR DESIGN 
W, B. Loewenstein and D. Meneghetti, pp. 415-434 

RECENT ADVANCES AND PROBLEMS IN THEORETICAL ANALYSES 
OF ZPR-III FAST CRITICAL ASSEMBLIES 

D. Meneghetti, pp. 457-487 

A CRITICAL SUMMARY OF MICROSCOPIC FAST-NEUTRON 
INTERACTIONS WITH REACTOR STRUCTURAL, FISSILE AND 
FERTILE MATERIALS 

A. B. Smith, pp. 29-54 

EXPERIMENTAL STUDIES OF FISSION PROPERTIES UTILIZED 
IN REACTOR DESIGN 

D. Butler, S. Cox, J. Meadows, J. Roberts, A. Smith and 
J. Whalen, pp. 125-137 

ANL Reports 

ANL-6362 THE DISTILLATION OF URANIUM HEXAFLUORIDE 
AND BROMINE PENTAFLUORIDE IN A 0.5-INCH-
DIAMETER PACKED COLUMN 

Richard O. Ivins 

ANL-6458 KINETICS OF TREAT USED AS A TEST REACTOR 
C. E, Dickerman, R. D. Johnson, and J, Gasidlo 

ANL-6515 SECOND SYMPOSIUM ON PHYSICS AND NON­
DESTRUCTIVE TESTING. Held at Argonne National 
Laboratory October 3, 4, 5, 1961 
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ANL-6519 CRYSTALLOGRAPHIC D-SPACE COMPUTER PROGRAM 
M. H. Mueller, E. F . H. Meyer, and S. H. Simonsen 

ANL-6539 IDAHO DIVISION SUMIvlARY REPORT, April through 
September 1961 

ANL-6546 CHLORINATION OF URANIUM AND FISSION PRODUCT 
OXIDES IN MOLTEN HALIDE MEDIA 

J. P . LaPlante, D. A. Wenz, and R. K. Steunenberg 

DIFFERENTIAL SCATTERING CROSS SECTIONS FOR 
SLOW NEUTRONS IN D2O. Reactor Physics Constants 
Center Newsletter No. 4 

H. Greenspan and I. G, Baksys 

DIFFERENTIAL SCATTERING CROSS SECTIONS FOR 
SLOW NEUTRONS IN Be AND BeO. Reactor Physics 
Constants Center Newsletter No. 5 

H. Greenspan and I. G. Baksys 
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